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PROCEEDINGS 


CHEMICAL SOCIETY. 


Minutes of a 
SCIENTIFIC MEETING 
held at Burlington House, London, W.1, on June ist, 1950, at 7.15 p.m. 


The President, Proressor E. K. Ripear, M.B.E., M.A., D.Sc., F.R.S., was in the Chair. 
The President welcomed Professor L. Ruzicka (Honorary Fellow), Professor and 


Mrs. L. F. Fieser, Dr. K. Miescher, Professor A. Plattner, Professor B. Riegel, and Dr. A. 
Wettstein, who were present. 


The Minutes of the Scientific Meeting held at the Royal Institution on May 4th were 
read, and were confirmed and signed. 


The following were admitted Fellows of the Society: J. F. Bunnett, H. A. ©. rr 4 
E. F. P. Harris, W. Hudson, H. Williams, H. G. Suggate, J. S. Coe, S. Siddappa, D. J. Cole 
M. H. Jones. 


SCIENTIFIC COMMUNICATIONS. 
The President called upon Professor C. K. Ingold to read a summary of his papers 


entitled “ Nitration and Nitrating Agents."’ A discussion followed, and Professor L. F. 


Fieser, on behalf of the visitors from overseas, expressed his appreciation in being able 
to attend the meeting. 


OFFICIAL ANNOUNCEMENTS 
DEATHS. 


The Council regret to announce the deaths of the following Fellows : 
Elected. Died. 
Sept. 17th, 1942, Apr. 22nd, 1950, 
Dec. Sth, 1912. 1940. 
bert Wood Rees Aug. 7th, 1941. Apr. 4th, 1950. 


aan ) Dec. 2nd, 1920. May 6th, 1950. 
.» May Ist, 1919. May 2nd, 1950. 


Proc., 1950, p. 77, delete James Joseph Cowperthwaite (Salford), elected Apr. 4th, 1946, died 
Dec. 15th, 1949. 


CONGRATULATIONS. 


The congratulations of the Society have been conveyed to the following Fellows whose 
names appear in the Birthday Honours List : 


Kwmight Bachelor. 

Wilfred Russell Grimwade (Melbourne). 
ames Irvine Orme Masson (Sheffield). 
ames Eckersley Myers (Manchester). 

C.B.E. 
Harold King (N.W.7). 
Arthur James Turner (Lisburn). 


| July, 1950. 
or THE 
| 
MINUTES. 
FORMAL ADMISSION OF FELLOWS. 
Correction 
| 
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ELECTION OF NEW FELLOWS. 
The following 36 candidates were elected Fellows of the Society on June Ist, 1950: 


Edward Felix Lacien John Anet. ohn Richard Hickman. 

Eric Billingsley Bates. E. Kiener. 

Arthur David Baynes-Cope. Nathan Kornblum. 

Robert A. Benkeser Alfred Keith Light. 

Denise Elizabeth Bowles. Lawrence Alexander Lord. 

— Henry Brewster Ewan Cameron Martin. 
erbert Charlies Brown. Lothar Martin. 

Glen Dale Cooper oseph Maller. 

Malcolm Charles Crew acques Ra Olivier. | 
ack Derrick Alan John , 
tenneth Patrick Fellowes. ames Ivor Phill 

Geotirey Ivor Gocliellow .enneth James Rice. 

Ronald Powell Graham Thomas Atkinson Shaw. 4 

Lester Dewse Goodchild Hamilton. Henry Joseph Shine. 

George Simms Hammond Richard Steedman Staunton. 

William Frederick Harper Wilham Harmer Stevens. i 

Albert William Dennis Hartley. Thomas Strawford. i 


Robin Joba Richard Hayward Thomas Stanley Worthy. 


RESEARCH FUND. 
The following grants have been awarded from the Research Fund : 


Aberystwyth, Edward Davies Chemical Laboratories. 


M. M. 


Davies. 


 Physico-chemical studies of carboxylic acid solutions *’ 
Cambridge, University Chemical Laboratory. 


Dr. F. N. Lahey. Australian plant products" 0 00 
Dublin, Trinity College. 
Dr. Pepper, Mechanism of ionic polymerisations"’ —... . 00 


Glasgow, The University. 
Steric effects in aromatic substitution 


London, I mperial College. 
 Polyene syntheses 


London, Royal Free Hospital School of Medicine. 


Dr. F. Kurzer, “ Cyanamides. The interaction of arylthioureas and “a 


Oxford, Inorganic Chemistry Laboratory. 
Dr. J. W. Linnett. “ The effect on the fundamental flame speeds of some 


gaseous mixtures of replacing light hydrogen by heavy ayenge. both 


C. D. Brand. 


B.C, L. Weedon. 


MEETING OF COUNCIL 

A Meeting of Council was held on June Ist, 1950. 

The Report of the meeting of the Publication Committee held on May 4th was received, 
and it was agreed that the length of articles appearing in the Annual Reports might be 
increased by 40°. where it was considered advisable. Consideration of a recommendation 
that the Society should revert to the pre-war style of type and headings in the Journal 
was deferred 

The Report of the meeting of the Joint Library Committee held on May 24th was 
received, and the list of books recommended for purchase was approved. 

The thanks of the Council have been conveyed to Dr. R. T. Lattey and Mr. W. B. 
Saville for gifts of the Society's publications. 
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The resignation of Dr. G. Baddeley as Local Representative for Manchester was 
accepted with regret, and Dr. G. R. Barker was appointed to this office. 

It was reported that Mr. W. J. Weir would represent the Society at the 5th International 
Congress of Microbiology at Rio de Janeiro in August 1950. 
JOURNAL OF THE CHEMICAL SOCIETY, MICROFILM EDITION. 

The Chemical Society has entered into an agreement with University Microfilms, 
Ann Arbor, Michigan, to make issues from January 1950 of The Journal of the Chemical 
Society available to libraries in microfilm form. 

One of the most pressing problems facing all types of libraries to-day is that of 
providing adequate space for a constant flood of publications. Periodicals present an 
especially difficult problem because of their bulk and number. 

The Microfilm makes it possible to produce and distribute copies of periodicals on 
the basis of the entire volume in a single roll, in editions of thirty or more, at a cost 


ee eae the library keeps the printed issues unbound and circulates them in 
that form for from two to three years, which corresponds to the period of greatest use. 
When the paper copies begin to wear out or are not called for frequently, they are disposed 
of and the microfilm is substituted. 

Sales ave vestricted to subscribers to the paper edition, and the film copy is distributed only 
at the end of the year. 

The microfilm is in the form of positive microfilm, and is supplied on metal reels. 
Enquiries concerning purchase should be made to University Microfilms, 313 N. First 
Street, Ann Arbor, Michigan, U.S.A. 
50th ANNIVERSARY OF THE DISCOVERY OF GRIGNARD REAGENTS. 

The Society was represented by Professor D. H. Hey and Professor H. Burton at 
the Celebrations in L on May 13th of the 50th Anniversary of the Discovery of 
Grignard Reagents. following Address was presented : 

“The President, Council and Fellows of The Chemical Society learn with the greatest 

that the University of Lyons will celebrate on the Thirteenth day of May, One 

Nine Hundred and Fifty, the Fiftieth Anniversary of the Discovery of the 
series of organo-magnesium compounds now known universally by the name of their 
discoverer, Victor Grignard, as ‘ Grignard Reagents.’ 

“We recall with pleasure and satisfaction that Victor Grignard, whose important 
discovery has provided the Chemist with a versatile reagent of very great value in the 
was elected an Honorary Fellow of The 

Chemical Society in 1920. 

‘We desire to associate ourselves with our French colleagues and with Scientists 
throughout the World in paying homage to the memory of this great Chemist, and we send 
cordial greetings and best wishes for a most successful Meeting. 

** Signed on behalf of The Chemical Society : 


Eric K. Rideal, President, 
W.A. Akers, Treasurer. 
D. H. Hey, Honorary 
H. Burton, Secretaries."’ 


MEETINGS OUTSIDE LONDON 


BIRMINGHAM. 
Crystal Growth,’ by Professor E. K. Rideal, M.B.E., M.A., D.Sc., F.RLS. 
A joint meeting with the University Chemical Society was held in the Chemical Lecture 
Theatre of the University on March 17th, 1950, with Professor H. W. Melville in the Chair. 


Professor Rideal pointed out how crystal faces have different surface energies. Their 
growth rates are dependent on several factors; the mechanism of commencing a fresh 
layer, the mechanism and rate of surface mobility, and the specific rates of solution and 
condensation. Methods can be devised for examining all these factors. Problems of 
nucleation were also discussed in the light of Von Weimarn’s hypothesis concerning the 
dispersion coefficient, and that of Haber on the effect of time and dispersive forces on the 
rate of molecular organisation. 

A vote of thanks to the Lecturer, proposed by Dr. G. Gilbert, was carried with 
enthusiasm. 


** What is a Chemical Bond? "’ by Professor C. A. Coulson, F.R.S. 


A joint meeting with the University Chemical Society was held in the Chemical Lecture 
Theatre of the University on May 12th, 1950, with Professor H. W. Melville in the Chair. 

Professor Coulson stated that our present description of a chemical bond is resolved 
into a description of the “ electron-patterns "’ provided by wave mechanics. In general 
each pattern is localised in the region of the bond, and thus confers upon the bond charac- 
teristic properties such as length and energy, which are largely independent of the rest of 
the molecule. These electron patterns for a bond may be closely represented as the 
combination of two atomic patterns, which we may thus describe as paired together. 
Stereochemical considerations, represented by the criterion of maximum overlapping of 
these atomic orbits, show that they are frequently hybrids of more familiar s, 4.4. . . 
orbits. Such bonds are usually straight (1.¢., have axial symmetry); but when, as in 
cyclopropane, there is strain, the bonds may be described as bent. Any failure of the 
additivity relationships may be interpreted as a partial delocalisation of the pattern for a 
bond, in which the electrons of the bond are occasionally to be found on other nearby 
atoms. 

The lecture was followed by a discussion, at the conclusion of which a vote of thanks 
to the Lecturer, proposed by Dr. L. L. Bircumshaw, was carried with acclamation. 


APPLICATIONS FOR FELLOWSHIP 


(Fedlows wishing to lodge objection to the dection of these candidates should communicate with the 
Homorary Secretarws within ten days of the date of publication of the Journal for July 19560. Such 
objections will be treated as confidential, The forms of application are available im the Library.) 


*Ashelford, Norman, Sc. (Sydney). Australian. 64, Hollywood Street, Kogarah, N'S.W., Australia. 
Research Student. Signed by: K. J. W. Le Peévre, T. Iredale, S. J. Angyal 

Barrow, Evelyn Thomas Edward, S< (Lond), AR IC. British 25, Rectory Road, Higher Crump- 
sall, Manchester, 8. Technical Chemist. Signed by: N. H. Pratt, C. A. Lewis, T. J. Morrison, 
J. Waton 

*Bazter, Johan Neville, Sc. (Sydney) British. 24, Edwin Street, Crows Nest, N.S W., Australia. 
Student. Signed dy: KR. W. Le Pevre, T. Iredale, H.C. Freeman. 

Bottomley, Gerald Andrew, Sc. and (Leeds). British 30, Princes Road, Liverpool, 8 Uni- 
versity Lecturer. Signed by A. MeGookin, W. B. Whalley, G. W. K. Cavill 

Bulmer, Gerald, A and Ph.D. (Cantab) British. 57, Beechway, Bexley, Kent. Senior Assistant, 
Chemistry Department, Woolwich Polytechnic, 5.E.18. Signed by: F.G. Mann, P. Maitland, 
Vogel 

*Burstall, Michael Lyle. Hiritish. 209, Uxbridge Road, Hampton Hill, Middlesex. Student, Brasenose 
College, Oxtord. Signed dy F.H. Barstall, J. W. Linnett, J. A. Baritrop. 

Kenneth John. Hiritish. 13, Cam Road, Cambridge. Stodent. Signed by: F.G. Mann, 
P. Maitiand, B. Lythgoe 
Denis, Sc. and Ph.D. (Lond), British, 2, Weld Road, Withington, Manchester, 

20. Research Chemist, L.C.1. Ltd., Dyestuffs’ Division, Blackley. Signed by: R. J. W. Reynolds, 
A.C. Parthing, E. B. Robinson 

*Donovon, Frank William, 1) Sc. (Sydney). Australian. 64, Croydon Road, Croydon, N.S.W., Aus- 

Student. : R. J. W. Le Fevre, T. Iredale, S. J. Angyal 

*Feitelson, Brace Norman, (Lond), A RLC. British The British Drug Houses Ltd, Wenlock 1 
Research, Graham Street, City Road, N.1. Research Chemist. Signed by: V. Petrow, Frank 
Hartley, O. Stephenson. 
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William Scott, B.Sc. (Sydney). British 32, Highlands Avenue, Gordon, N.S W., Australia. 
Student. Signed by ; R J. W. Le Peévre, T. Iredale, S. J. Angyal. 

*Gore, Peter Henry, M.Sc. (Sydney). British. Plat 1, 49, Bayswater Road, Kings Cross, N.S.W., 
Australia. Teaching Fellow, School of Chemistry, University of Sydney. Signed by: R. J. W. 
Le Févre, T. Iredale, F. Anet. 

Gow, Robert Stewart, 5.Sc. and Ph.D. (Edin.). British. c/o Tait, 6, Claremont Crescent, Kilwinning, 
Ayrshire. Research Chemist, 1.C.1. Ltd., Nobel Division. Signed by: W. W. Cuthbertson, N. H. 
Woodbury, R. P. Gentiles 

Hanna, Zaky Iskander, M.Sc. (Fouad Ist Univ). Egyptian. Egyptian Museum, 
Cairo, Egypt. Signed by: M. Gindy, F. G. Baddar, L. S. H. El-Assal 

Harris, Stanton Avery, M.S. (Middlebury College), Ph.D. (Iowa State College). American. Director, 
Technical Information Department, Research and Development Division, Merck and Co., Inc., 
Rahway, N.J.. U.S.A. Signed by: Earl M. Chamberlin, N. L. Wendler, Max Tishier. 

*Hobbs, John James, B.Sc. (Sydney). Australian 6, Abercorn Street, Bexley, Sydney, Australia. 


' British. Granville Technical College. William Street, 
Granville, N.S.W., Australia. Principal. Signed by: T. Iredale, L. E. Lyons, H. G. Holland. 
Balkrishna Harihar, VM Sc. and Ph.D. (Bombay). Indian Bayswater Hall, 46 47, 

Gardens Square, W.2. Lecturer in Organic Chemistry. Signed by: R. P. Linstead, H. N. Rydon, 
B. C. L. Weedon. 

“Keene, Leslie William. [iritish. 28, Winchester Street, Acton, W3. Assistant Chemist, Wallace 
and Tiernan Ltd., Power Road, Chiswick, W.4. Signed by. L. T. Raeburn, G. A. Watson, R. G. 
Cooper. 

Kenyon, William Orlin, B.S. (Washburn College), M.A. (Kansas), Ph.D. (Rochester), American. 60, 
Edgemere Drive, Rochester 12, New York, US.A. Head of High Polymer Department, Research 
Laboratory, Eastman Kodak Company, Rochester, New York, U.S.A. Signed by: C. E. K. Mees, 
L. G. 8. Brooker, K. Hickman 

Kenneth Lyall. British 24, Lorne Gardens, Wanstead, E.11. Assistant Analyst. Signed by: 

G. C. W. Cornwell, J. Bond. 


*Maher, Thomas Patrick, B.Sc. (Sydney). British. 118, Crinan Street, Muristone Park, Sydeey, 
N.S.W., Australia. Research at University of Sydney. Signed by: R. J. W. Le Fevre, T. Iredale, 
s. j. Angyal. 


*Mehta, Sorab Siavax. Indian. St. Catharine's College, Cambridge. Student. Signed by: F. 8. 
Dainton, A. J. Berry, B. C. Saunders 

*Nakhia, Adel Latif. Eeyptian. 19, Conduit House, Hyde Vale, Greenwich, S.E.10. Student. 
Signed by: G. H. Jetiery, J. Leicester, A. I, Vogel. 

Nath, Rajendra Lal, MSc. (Calcutta). Indian. 46-47, Kensington Gardens Square, W.2. Research 
Student, Department of Organic Chemistry, Imperial College, 5.W.7. Signed by: H. N. Rydon, 
J. A. Elvidge, B. C. L. Weedon 

“Perry, Michael Dovid. British. 35, Wilman Road, Tunbridge Wells, Kent. National Service. 
Signed by: H. T. S. Britton, L. H. Long, S. J. Gregg, R. King, J. S. Whitehurst 

Daniel, M.Sc. (Lond.). British. 130, Sandringham Road, Dalston, E.8. Senior Scien- 
tific Officer, Chemical Research Laboratory, Teddington. Signed by: K. W. Pepper, H. Thurston 
Hookway, B. Selton 

“Richards, Frank Roland, B.Sc. (Sydney). Australian. 498, New Canterbery Road, Dulwich Mill, 
Australia. Research Student. Signed by: R. J. W. Le Peévre, T. Iredale, S. J. Angyal. 

Lewis Edward John, M.A. and D.Phil. (Oxon). British, 3, Wayland Crescent, AF RE, 
Harwell, Nr. Didcot, Berks. Research Scientist in the Department of Atomic Energy, Ministry 
of Supply. Signed by: C. B. Amphlett, W. Wild, J. Sutton. 

Stafford, BSc. (Edin.), Ph.D. (Cantab.). British. Beechwood, Muir Road, Bathgate, West 
Lothian. Research Chemist, LC.1. Ltd., Nobel Division. Signed by: Angus Marks, Neil Camp- 
bell, William Hay Stafford. 

*Thomas, David Brynmor. British. 34, West Square, S.E.11. Medical Student, University College, 
London. Signed by: Henry Terrey, Walter H. Lee, D. J. Millen. 

Tapley, Ernest William, M.R.C.S. (Eng), L.R.C.P. (Lond), M-P.S. British. 12a, Clevedon Mansions, 
Lissenden Gardens, N.W.5. Head of Medical Information Division, May and Baker Ltd., Dagen- 
ham, Essex. Signed by: C. F. H. Tipper, G. Perrins, H. Humphreys Jones. 

Roger. British. 22, Inverness Avenue, Westclifion-Sea, Essex. Student, Woolwich 
Polytechnic. Signed by: A. L. Vogel, G. H. Jeffery, J. Leicester. 

Keren British. 46, Chepstow Villas, W.11. Research Assistant, Encyclopedia 
Britannica Ltd. Signed by: Margaret P. Clark, R. T. Fowler, Henry Terrey 

Peter Charlies, }.Sc. (Sydney). Australian. 319, Connell’s Point Road, Hurstville, Sydney, 
N.S.W., Australia. Research Student. Signed by; T. Iredale, S. J. Angyal, L. E. Lyons. 

“Wall, Dennis Charles. British. 8, Common Road, Stafford. Assistant Chemist. Signed by: 
W. M. T. Perkins, A. Turner, W. Flavell. 

“Warwick, Gerald Paul, B.Sc. (Sydney). Australian. 4, Flora Street, Lakemba, Sydney, N.S.W 
Australia. Research Student. Signed by: T. Iredale, S. J. Angyal, L. E. Lyons 

*Worth, Colin Victor, B.Sc. (Sydney). Australian. 9%, Surnett Street, Mayfield West, N.S.W., Aus- 

tralia. Research Student. Signed by: R. J. W. Le Feévre, T. Iredale, H. C, Freeman, 


Gertrude Belle, (Hunter), MS (N.Y). American. Park View Avenue, Bronxville 6, 
U.S.A. Biochemist, Wellcome Research Laboratories. Signed by Peter B. Russell. 

Falco, Eivirs A., B.S. (Cornell) American. 176, Woodlawn Avenue, New Rochelle, N-Y., US.A.. 
Fiochemist, Burroughs Wellcome and Co, USA. Signed by: Peter B Russell. 

Pieser, Louis Frederick, (Mervard), D Se. (Williams College), American. Converse Memoria! 
Laboratory, Harvard University, Cambridge 38, Massachusetts, U.S.A. Sheldon Emery Professor 
of Organic Chemistry. Signed by: BR. 5. Cahn 

Preeman, Stanley Knoel, M5 and Ph.D. (Brooklyn Polytechnic Inst). American. Benzo! Products 
Company, 237, South Street, Newark 5.N.J.. U.S.A. Chemist. Signed by: C. G. Overberger. 

Pierre Raoul, Ph 1) (Montreal). Canadian. 191, Knickerbocker Road, Apt. 17, Englewood, 
N.J.. USA. Leeturer in Chemistry and Research Associate, Columbia University. Signed by : 
D. C. Lioyd 

Ralph Franz, A.B. (Oberlin), PhD. (Wisconsin). American. c/o Merck and Co., Research 
and Development Division, Rahway, N.J.. USA. Research Chemist. Signed by: Robert P. 
(eraber 
George Herbert, MS (Washington), Ph.D. (Harvard). American. 50, Primrose Avenue, 
Tuckahoe 7, New York, USA. Chief Biochemist, Wellcome Research Laboratories. Signed by : 
Peter Russell 

Khan, Wural Absar, V Se. (Dacca), Ph.D. (Ohio State Univ). Pakistani. Physiological Chemistry, 
Hamilton Hall, Ohio State University, Columbus, Ohio, USA. Research Fellow. Signed by: 
Christopher L. Wilson 

, William, BSc. (Glas). British, Box 622, c/o Bahrein Petroleum Co., Awali, Bahrein, 
Persian Gulf, Chemist. Signed by James P. Braidwood 

Radesill, James Turner, 1) 5. (South Dakota), M A. (lowa State Coll). American. 4111, Valley Street, 
Omaha, Nebraska, US.A. With the Cudahy Packing Co., Omaha. Signed by: C. A. Bunton. 

Stuart, Ronald Stiles, 1) (Toronto). Canadian. Apartment 307, 5025, MacDonald Avenue, 
Montreal, Canada. Chemist, Merck and Co. Ltd. Signed by: W. L. Glen. 

Warsi, Sharif Uddin Ahmed, (Allahabad), MSc (Bombay). Pakistani. Punjab University 
Institute of Chemistry, Lahore, Pakistan. Senior Lecturer in Pharmaceutical Chemistry. Signed 
by: M. D. Chaghtai. 

*Wiley, Douglas Walker, 1) 5 (Richmond). M.A. (Columbia). American. Department of Chemistry, 
Havemeyer Hall, Columbia University, New York 27, N.Y., U.S.A. Student. Signed by: David 
Certs 

* Reduced annual subscription. 


PAPERS RECEIVED 
(List of papers received between May 17th and June 12th, 1950.) 


“ The ultra-violet spectra of certain substituted aromatic nitro-compounds.”"’ By P. 
Fiecpine and R. J. W. Le Fiver. 

“The action of Grignard reagents on ethylene oxide anhydro-sugars. Part I. The 
behaviour of derivatives of 2: 3-anhydro-a-methylalloside towards methylmagnesium 
iodide." By F. H. Newrn, G. N. Ricwarps, and L. F. Wicers. 

 Amino-acid separations using a strong-base resin.”’ By C. W. Davies, R. B. Hucues, 
and S. M. 

” Reactions of organic peroxides. Part III. Oxidation of methyleyclopentane and 
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“2: 5-Dichlorothiophenol and 2:5: 2: 5’-tetrachlorodiphenyl disulphide.” By W. 


“The action of ionizing radiations and of radiomimetic chemicals on deoxyribonucleic 
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H. Freeman and R. J. W. Le Fiver. 

“ The conversion of sucrose into pyridazine derivatives. Part IX. The nitration of 
pyridazine derivatives." By S. Dixon and L. F. Wicers. 

“ The reductive acetylation of aliphatic nitro-compounds."’ By CHarLes Simons. 

" Chemical actions of ionising radiations in solution. Part VI. Radiation chemistry of 
sterols, The action of X-rays on cholesterol and on pregn-5-en-36-ol-20-one.”’ 
By Max Ketiek and Josern Wertss, 

“Some physical properties of pure benzene."’ By (Mrs.) 5. Rypicka and W. F. K. 
Wynne-Jones, 

The synthesis of 4: 5-dimethylphenanthrene."” By G. M. Bapcer, (Miss) J. E. Camp- 
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1950. pp. 531. il, (Reference.) Iliffe. 30s. 
From British Plastics. 
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1949. pp. vii+ 136. ill, (Reed. 8/6/50.) 
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Cuartrre cp, H. W. Varnish manufacture and 
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$7. 

Dinocte, H. Practical applications of 
spectrum analysis. London 1950. pp. ix + 
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xii + 377. i. Steinkopfi, DM. 22. 
(Reed. 18/5/50.) 
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Book 1950. 6th edition. London 1950. 
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E. G. Dynamics of real 
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Arnold. 2is. (Reed. 1/6/60.) 
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Totansxy, S. Introduction to atomic 
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groups and enzyme action. Translated by A. 
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scopy : ' and applications. New 
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—— 94—08. Symposium over onge- 
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engineer's problem. For the engineer must 

build the plant to produce in bulk the chemical 
compounds which have becn synthesised in the test tube. 
The Shell chemical plant at Stanlow is the engineer's 
answer—-a laboratory bench on a gargantuan scale, 
manufacturing from petroleum, chemicals to meet the 
ever-growing needs of industry. 

Whether you require high purity chemicals in test tube 
quantities for research, or in tank car lots for industrial 


Horticultural and Agricultural Products 


Shell Chemicals 


| 
‘ 
or by 
the gram 
The chemist's achievement is so often the sy \ 
processing, Shell, with their vast resources and exceptional al ' 
knowledge, can supply either 
SHELL CHEMICAL PRODUCTS INCLUDE: Solvens 
Penetrating Ageots Emulsfiers Special Products for High 
Vecua Work. Insecucides, Fungicides, Herbicides, and other 
_ 


H SIMPLIFIED 
p MEASUREMENT 


Industrial Chemists and research 
workers should obtain particulars 


JOHNSONS OF HENDON. 


are five books in the series. 
UNIVERSAL is a 


For more exacting work 
COMPARATOR test papers, in 
four books, enable the pH value 


of any solution to be ascertained 
to within 0.3pH. 


Descriptive leaflet sent 
free on application 


JOHNSONS OF HENDON LTD 
LONDON, N.W 4. ESTAB. 1743, 


The New Filter Paper 


GREEN’S “HYDURO” 
No. 800 
Rapid and strong when wet, 
very low Ash only 0.011% 
Write at ence for price list OG SO 


J. BARCHAM GREEN LTO. 
* MAIDSTONE ENGLAND 


RADUATED 
GLASSWARE 


Made by JAMES A. JOBLING & CO. LTD.. 
Wear Glass Works, SUNDERLAND. «ro 


ii Journal of the Chemical Society. (July, 1960 
coverin the ran 
values to be checked to within 
4 
7 Manders “pment in most labor 
q for everyday laboratory work PYREX Brand 
to NPL Clon 8 
Marded but more Meticulous 
4 or research wort, NPL Clee A 
cor be st entre cost 
i PYREX Grend Gredusted & 
and wwe free of ow Chemits 
Netedoet will be sent direct on 
PYRE 
Clertenwell Gastherme, 
B. BLACK & SON, LTD. 
tures between — + ae 
- 


July, 1950) 


Journal of the Chemical Society. 


M&B LABORATORY CHEMICALS 
IN THE SERVICE OF INDUSTRY 


AE ARTA 


Never before has so much stress been laid upon the vita! importance 
of ensuring absolute purity in manufactured foodstuffs of every kind. 
At the same time, a period of world food shortage demands that 
every ounce of food be used with strict attention to its nutritive value. 

Under these circumstances, laboratory control in the food industry 
assumes a new significance. 

Where so much depends upon the results of the work involved, 
the chemicals in use in the laboratories must be of proven quality. 
The M&B range of Laboratory Chemicals has consequently been 
readily accepted in many laboratories attached to the industry. 
Specifications have been selected to meet the widest demands of 
normal laboratory practice. 

A complete brochure of specifications will be sent on request. 
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Sensitivity 0.1 mg. per } division. 
Capacity 200 gms. per pan. 


The 62FM. analytical balance is specifically 
designed for fast, accurate weighing and 
continual use. The optical system projects at 
eye level a brightly Whuminated scale which 
can be read comfortably in any light and 
from almost any position in front of the 
balance. This scale covers from 0 to 0.01 gm., 
each division representing 0.2 mg., and the 
division spacing of 1.4 mm. allows casy 


to « total of 0.99 gm., eliminating the use of 
all weights below 1 gm. The valucs shown on 
the two concentric ‘Multiweight’ dials and 
the scale reading give at a glance the four 


Another feature, of particular value in 
repetitive weighings, is the efficient air damp- 
ing system, which ensures rapid, dead-beat 
readings. 

But all these aids to accurate and rapid 
reading would be wasted if not allied wo 
accuracy and sensitivity in the balance itself. 
CORUNDUM planes make consistency 
certain. Harder than the usual agate and 
completely uniform, Oertling CORUNDUM 
planes preserve their optical flatness, and 
thus the life of the balance, almost in- 


and quote: 62FM. (Code word: PIFM) 


SL L. Oertling Ltd. 1:0 cLovcester PLAce, LONDON, 


New Baker Sereet Stanon) 


WELbeck 


iv Journal of the Chemical Society. [July, 1950 
Aperiodic, Prismatic-Reflecting Balance 5 
Model 62FM. by 
oA 
planes, bur der (hun spate, 
q that scuracy amd 
§ reading to O.1 mg. 
The smooth, positive-action Oecrtling 
5 *“Multiweight’ device adds fractional weights 
definitely. 
All these features, added to the simplicity 
of design and fine craftsmanship traditional 
z decimal places of the weighing. The ‘Multi- in Ocrtling balances, make the 62FM. a 
weight’ greatly increases speed and case of great contribution to available analytical 
operation — vital factors in rowtune work. equipment. 
D.. 17 Send for the leaflet giving full details and specification, | 


HIGH GRADE 
CHEMICALS 
BULK 
QUANTITIES 


The manufacture of high grade 
chemicals has for many years been a 
speciality of Hopkin and Williams 
Ltd., whose AnalaR chemicals are 
used as reagents in laboratories 
throughout the world. We are also 
in a position to supply chemicals of 
similar purity grade in bulk quanti- 
ties for technical purposes. Custo- 
mers are invited to consult with us 
regarding their specifications for 
special purpose chemicals. 


The following are examples of iter 
Row in production: 
Aluminium fluoride 
Ammonium acetate 
Ammonium fluoride 
Barium carbonate 
Barium nitrate 
Cadmium acetate 
Cadmium bromide 
Cadmium chloride 
Cadmium iodide 
Calcium fluoride 
Cuprous chloride 

lodic acid 

Lead fluoborate solution 
Magnesium fluoride 
Perchloric acid 
Potassium iodate 
Potassium nitrite 
Potassium periodate 
Sodium fluoride 
Stannous fluoborate solution 
Stannous oxide 
Stannous sulphate 
Strontium carbonate 
Strontium nitrate 


HOPKIN & WILLIAMS 


LIMITED 


(Dept.JCS) FRESHWATER ROAD, CHADWELL HEATH, ESSEX 
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Adenosine-5-triphosphoric acid (96%,) 
Breaecine Dibensoy! saphbthalene (transketon) 
t-Arginine 4: 4-Diaemine-diphesy! sulphone 
Phioridsin e-Nitre-e-telwidine (1:2: 4) 
e-Gaelactose 12-8 Putrescine dibyédrechioride 
u-K Heua-bydro-dimethylaniline 
4-D Methyi-dicetylemine (90%) 
Geatisio acta acid 
e-Chiere-bensyi bromide 
bromide 
t-Asecorbie acid 
Caletam bydride Polyviny! pyrrelidene 
anitine Imino-@ipropionitrile 
&-Chiere-quinetine J 2:&8-Diethouy aniline 
Thiegiyeerelt (60%) t-Ascorby! paimitate 
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339. New Therapeutic Agents of the Quinoline Series. Part VII. 2-, 
3-, and 4-Pyridylquinolines, 4-Pyridylquinaldines, and 2-Pyridyl- 
By D. H. Hey and J. M. Wiutiams. 


Eight of the aine isomeric pyridyiquinolines 
of the line molecule have been 


Pxevious communications in this series have described the preparation of a number of pyridy!- 
quinolines of many different types (Coates, Cook, Heilbron, Hey, Lambert, and Lewis, J., 1943, 
401 ¢f seq.). With the exceptions of 2-2’-pyridyliquinoline, first prepared by Smirnoff (Helv. 
Chim. Acta, 1921, 4, 802), and two isomerides tentatively regarded as 3-2’- and 3-3’-pyridy!- 
quinoline (Coates 4 al., loc. cit.), these communications were largely confined to the preparation 
of compounds in which the pyridy! group was attached to the carbocyclic ring of the quinoline 
molecule. Since many of the compounds thus described were found to possess spasmolytic 
properties in addition to a marked adrenaline action, attention has been redirected to this 
subject with the object of synthesising further members in which the pyridyl group is attached 
to the heterocyclic ring of the quinoline, quinaldine, or lepidine molecule. Such studies would 
also serve to establish the exact identity of the two 3-pyridylquinolines mentioned above. 
Further, Tscherne (Monatsh., 1901, 22, 615) has reported the formation of a pyridyimethy!- 
quinoline, regarded as 4-4’-pyridyliquinaldine, from the cyclisation of the anil of 4-acetoacety!- 
pytidine PAN2CMe-CH,-CO-X (X « 4-pyridyl), but since the isomeric anil PhN°CX-CH,-CO-Me 
(X = 4pyridyl) may have been involved, the product may have been 2-4’-pyridyl-lepidine. 
This reaction has therefore been re-investigated. 

The preparation of 2-2’-pyridyiquinoline (1; R — H, X = 2-pyridyl) from 2-pyridy! methy! 
ketone and o-aminobenzaldehyde by the method of Smirnoff (/oc. ct.) has been confirmed, and 
similar reactions have been carried out with 3-pyridyl and with 4-pyridyl methyl ketone to give 
the hitherto unknown 2-3’- and 2-4’-pyridyiquinoline (I; R = H, X — 3-pyridyl) and (I; R = 
H, X = 4-pyridy!). All three 2-pyridyliquinolines have been further characterised as the 
picrates. 


R 
?\cor 


In order to establish the identity of the pyridylmethylquinoline prepared by Tscherne 
(loc. ctf.) the three isomeric 2-pyridyl-lepidines (1; R = Me, X = 2, 3, and 4-pyridyl) were 
prepared by the condensation of the three pyridy! methyl ketones with o-aminoacetophenone, 
and the use of the anils of acetoacetylpyridines in the preparation of pyridylmethylquinolines 
has been further extended, Kuick and Adkins’s procedure (/. Amer. Chem. Soc., 1935, 57, 143) 
for the preparation of 3-acetoacetylpyridine from ethyl nicotinate and acetone has been success- 
fully applied to the preparation of the isomeric 2- and 4-acetoacetylpyridine from the ethyl esters 
of picolinic and isonicotinic acid, respectively. The anils were prepared in acetic acid solution 
and cyclisation in concentrated sulphuric acid gave 4-2’-, 4-3’-, and 4-4’-pyridylquinaldine (II; 
X = 2+, 3-, and 4-pyridyl). The compound thus prepared from the anil of 4-acetoacetyl pyridine 
had the same melting point as that reported by Tscherne (loc. ctt.), and the melting point was 
depressed on admixture with an authentic specimen of 2-4’-pyridyl-lepidine, prepared as 
described above. This observation confirms the constitution of Tscherne's compound and shows 
that the intermediate anils must have the constitution PhNICMeCH,CO-X and not 
PANICX-CH,CO-Me. Mixed melting point determinations with the picrates of the 3’- and 
4'-isomerides in the two series could not be carried out, since the compounds in the quinaldine 
series yielded dipicrates, whereas those of the lepidine series gave monopicrates. The anil of 
2-acetoacetylpyridine could not be obtained in crystalline form, unlike those of the 3- and 
4-isomerides, and the yield of 4-2’-pyridylquinaldine obtained on cyclisation was low. Further, 
of the three isomeric 4-pyridylquinaldines, the 2’-isomeride alone gave a monopicrate. 

Both 4-3’. and 4-4"-pyridylquinaldine X 3- and 4-pyridyl) were converted by 
oxidation with chromic acid of the phthalone into the corresponding quinaldinic acid, isolated 

as the ethyl ester. The styryl derivatives proved to be less suitable for oxidation. The pure 
esters were hydrolysed to 4-3’- and 4-4"-pyridyiquinaldinic acid (II1; X = 3- and 4-pyridyl), 


lepac ines have been prepare< 
‘a 
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which in turn were subjected to decarboxylation by boiling in quinoline solution containing 
copper chromite. In this manner 4-3’- and 4-4’-pyridylquinoline (IV; X = 3- and 4-pyridyl) 
were obtained. 


XCO,Et + MeCO X-CO-CH,CO-Me 


x 
(Iv, (IIL) 

In order to obtain the 3-pyridylquinolines by methods which could leave no doubt concerning 
the identity of the products, attempts were first made to use an ester of 2-pyridylacetic acid for 
which convenient preparative methods were available (Clemo, Morgan, and Raper, J., 1935, 
1743; Bills and Noller, J. Amer. Chem. Soc., 1948, 70, 957). 3-2’-Pyridylcarbostyril was readily 
obtained from o-aminob dehyde and ethyl 2-pyridylacetate in presence of piperidine, and 
2: 4-dihydroxy-3-2’-pyridylquinoline was obtained in good yield from methy! anthranilate and 
ethyl 2-pyridylacetate, but attempts to replace the hydroxy] groups in these compounds by 
chlorine (with phosphorus oxychloride and pentachloride) or by hydrogen (with phosphorus and 
iodine) were unsuccessful. By means of a Claisen condensation ethy! formyl-2-pyridylacetate 
was obtained in good yield from ethyl formate and ethyl 2-pyridylacetate, but attempts to 
cyclise the anil derived from this ester were abortive. Several unsuccessful attempts were also 
made to prepare 2-pyridylacetaldehyde, which should react with o-aminob Jdehyde to give 
3-2’-pyridylquinoline. Thus, the action of 2-picolyl-lithium on ethyl formate or on ethyl 
orthoformate led to products of doubtful aldehydic properties and the product obtained from 
the simultaneous hydrolysis and decarboxylation of ethyl formyl-2-pyridylacetate was of 
uncertain character. On the other hand, 3-pyridylacetaldehyde (V1) was prepared in solution 
by the hydrolysis of methyl 2-3’-pyridylvinylcarbamate (V), which in turn was obtained by 
the Hofmann rearrangement of §-3-pyridylacrylamide (cf. Panizzon, Helv. Chim. Acta, 1941, 24, 


x 


(Vv) (VI) 


+1) 


(XI) 


248) in methy! alcohol using a concentrated alkaline solution of sodium hypochlorite. Con- 
densation of this aldehyde with o-aminobenzaldehyde gave 3-3'-pyridylquinoline (VII), which 
was characterised as the dipicrate. For purposes of comparison the 3-pyridylquinolines 
previously described by Coates ef al. (loc. cit.) were prepared from diazotised 3-aminoquinoline 
(VIIT) and pyridine, but neither of these proved to be identical with the authentic specimen of 


i aminog 
quinoline (VIII) and ethyl isonicotinate which, it was expected, would yield mainly em 


© 
(VIL) 
(VIIL) (X.) (IX) 
CO,Et 
Ay? 
(XU) 
3-3’-pyridylquinoline from evidence obtained from mixed melting point determinations on the 
picrates. In order to establish the identity of the isomerides obtained in the reaction between 
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4-position. Hydrolysis of the product gave an acid (X11), which on decarboxylation gave a 
3-pyridylquinoline (1X) identical with one of the products obtained as described above from the 
reaction between diazotised 3-aminoquinoline and pyridine. This compound must therefore be 
3-2’-pyridyiquinoline, in agreement with the original suggestion by Coates ef al. (loc. cit.), but 
their second isomeride would now appear to be 3-4’-pyridylquinoline (X), although this conclusion 
requires confirmation by an independent synthesis. 


EXPERIMENTAL. 


was by Smirnofi’s method (Joc. by the condensation of 2- 
udy! methyl (5 g.) (Kalloff Hanter, |. Amer. Chem See., 1941, 63, 490) with o-aminobenz- 

(5 g.) in dilute potassium hydroxide solution (20 «.c. O-O1%). After repeated crystallisation 

pee ph aad - petroleum the base melted at 96° and the picrate at 182—183". Smirnoff quotes m. p. 09" 

and | 183° for the free base and picrate, respective 

2-3'- solution of 3-pyridyi yl ketone (5 g.) (Kolloff and Hunter, Joc. ett.) and 
@-aminobenzaldehyde (5 g.) in dilute alcoholic potassium hydroxide (20 c.c., 0-01%) was heated on a 
water-bath for one hour. The oil which separated on addition of water was extracted with ether. The 
viscous liquid, after removal of the ether, partially crystallised on being kept. The solid was vv 
from othy residues by were on a porous plate ; d crystallisation from light petroleum (b. 
(3 «.) in robust rhombic crystals, m. p. 66-5" (Found : c, 81-2; H, 
40. CyHyN, requires C, 61-5; H, 49%). The crystallised from acetune-alcobol in fine yellow 
Beedles which sintered at 185° and melted at | (Found: C, 553; H, 33. C,,H,N,C,H,O,N, 
requires C, 65-2; H, 3.0%) 

24 ~#-Pyridy! methyl! ketone (4-2 ¢.) (Kolloff and Hunter, loc. cit.) and o-amino- 
a (#2 g.) were condensed under ilientical conditions to those described above to give 
oo Mente cs: (5-3 g.), which crystallised trom light petroleum (b. p. 80-—100°) in leaflets, m. p. 
nd. C,816; H, 48%). The picrate ated from acetone in fine yellow les which sintered 
and melted at 207° (Found: C, 55-5; H, 32%). 

2-2’. Pyridyl. ne.—-To a solution of o-ami etoph (3 g.) and 2-pyridyl methy! ketone 
(3 g.) in aleohol (16 c.c.) was added aqueous sodium hydroxide (0-05 c.c.; 20%), and the mixture was 
botled for eighteen hours under reflux on a water-bath. Most of the alcoho! was then distilled from the 
mixture, and the oi! which separated on addition of water was extracted with ether. The ethereal 
extract was dried (K,CO,) and, after removal of the ether, the residue was distilled under reduced pressure 
to give 2-2°-pyridy! (31 g.; b. p. 156°/0-5 mm.), which separated from light 
#80") in needles, m. p. 67° (Found: C, 61-3; H, 52. aires C, 81-8; 
prorate from in fine m. p. 160° (Found HL 30. 
requires H, 34% 

Pyridyl lepidine (3 g.) and 3- methyl ketone (3 g.) were condensed 
under identical conditions to those described above for 2-2’-pyridyl-lepidine;, 2-3'-pyridyl-depidine 
(33 ¢.; b. p. 176--180°/0-7 mm.) separated from light petroleum (b. p. 60-80") in es, m. p. 66-5° 
(Found: C, 81-7; H, 55%). The picrate from dioxan in needles, m. p. 219-—220° (Found 
C, 562, H, 34%) 

Pyredyl-leprdine —o-A etoph (3¢.) methyl ketone (3 g.) were condensed 
under identical conditions to those given above. 2-4’-Pyridyl-lepidine (3-0 g.; b. p. 178°/0-7 mm.) 

rated from benzene-—light petroleum (b. p. 60-80") in hard needles, m. p. 101 (Found: C, 
61-7; H, 565%). The picrate separated from dioxan-<yclohexanone in fine needles, which melted with 
decomposition at 260—252° (Found: C, 55-8; H, 3.56%). 

The three acetoacetylpyridines were prepared from the appropriate pyndinecarboxy fic ester and 
acetone by the modified conditions described by Kuick and Adkins (lec. est.) for the ration of 
3-acetoacetylpyridine. 2-Acetoacetylpyridine (b. p. 97-—-98° 0-4 mm.), qe in 55%, yiel 
from (b. p. 40-40") in hard p 51". Micko (Monatsh. 1896, 17, 442) gives 
m.p. 40 for this ketone. 4-Acetoacetylpyridine (b. p. 143-—145°/0-4 mm.), prepared in yield, 
separated from light petroleum (b. p. 60-80") in fine needies, m.p. 63°. Tscherne (Joc. cif.) give m. p. 62° 
for this ketone 

4-2°. Pyridyiquinaldine —-2-Acetoacetylpyridine (5 g.), aniline (2-8 g.), and acetic acid (2:5 g.) were 
heated at 80° for four hours. The oi! which was liberated on pouring the mixture on crushed ice failed to 
erystallise on being kept. The oi] was therefore extracted with ether, the ether extract dried (K,CO,). 
and, after concentration of the extract to 30 ¢.c., light petroleum (b. p. 40-—60") was added until 
a turbidity appeared in the solution. The mixture was then boiled with animal charcoal and filtered. 
The pale vellow oil resulting after evaporation of the filtrate was dissolved in concentrated sulphuric acid 
(25 c.c., @ 1-84) and heated m an oi)-bath at 110° for two hours. When the cold dark-coloured mixture 
was poured on crushed ice and the acid neutralised with aqueous ammonia an oil separated which was 
extracted with ether. After removal of the «ther there remained a viscous oil, which partly solidified on 
cooling. The solid. separated from oily residues by spreading on late, was repeatedly crystal- 
haed trom light smaidine’ (0-5 im needles, 
(Found: C, 82 H, 5-6. 4 Tequires C, 5-5%). The from 
tn fine orange needles, m. p. (Found: 86-4; H, 39. CAHOON, requires C, 66-1; 

4%) 


4-3'-Pyridylgwinaldine.—3-Acetoacetyipyridine (5 g.), aniline (2-8 g.), and acetic acid (2-5 g.) were 
heated at 80° for four hours. The mixture was poured on crushed ice (50 g.) and after the acetic acid 
had been neutralised with sodium carbonate the solid which separated was filtered from the solution, 
washed with water, and dried in a vacuum desiccator (CaCl Crystallisation from light Baw 
(b. p. €0-—80") gave the ani (5-7 g ) in yellow platelets, m. p. 83° (Found: C, 75-5; H, 5-8. C,,H,ON, 


water and neutralisation of the acid with sodium carbonate, “Tach 


from aniline bh and the diketone, records 


identical conditions to those given above for 4-3’ a 
C, 81-7; H, 5-6%) The matting melting point on 
Tscherne (ioe. 101—102° for the cycled 

~styrylquineline — A mixture o pyrid ( ( 

with steam to remove excess of benzaldehyde. The viacous dark brown om coling ad 
crystallisation from dioxan gave crude 4-3’ ait 
dioxan, melted at 164° 49; 


170° for eight hours with phthalic anhydride (0'¢.) and fused zinc chloride (2 g.). After cooling, the 
phthalone ae Sees in sulphuric acid (200 c.c.; 66%) and a solution of chromium trioxide (4-8 g.) 
antity of water was added in one portion. The mixture was maintained at 90° 
acid was by the addition of alcobel (5 ¢.c.). 


te, was suspended m absolute 
mixture was heated on a steam- 


10m of hich, on on from 3 
in fine neodion, m. p. 160--161" Found; C, 73-35; receives requires C, 


3-35; H,& 
) was oxidised with chromic anhydride as described 
above for the phthalone and gave ethyl 4-3’ (0-9 g.) in needles, m. p. 160-~161°, 


benzene 
Ethyl 4-4’-Pyridyiquinaldinate —4-4 aide (10) and eating 
170° for eight hours with phthalic 1 g.) and zinc ide (2- (ees) 
was oxidised as described above for the of 


also effected as previously described. 
fine needles, m. p. 146° (Found : C, 73-3; 


minim quantity of water and adding acetic aid The ontd part 
potassium carbonate solution, separated in plates, m. p. 203° (Found : 
requires C, 72-0; H, 40%). 


potassium hydroxide. The acid, isolated as bove, gave 4-4 
—4-3'- 
with copper chromite @l (30 
crystallise, was dissolved in ether, the solution filt , and after 
a trace of benzene in cubic m. 
dioxan in fine needles, m. p 210—212° 
CygH C, 474; 


Acid.—Ethyi 4-3’ 
hydroxide. The potassium £3 it in im the 


The 

The picrate 

acetone 

2-pyridylacetate (44 g.; Bills and Noller, joc. cit.) was converted into 
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oeuees, 76-65; H, 50%). The anil (5 g.) was dissolved in cold concentrated sulphuric acid (25 o.c. ; 
d@ 1-84) and heated im an oil-bath at 105° for two hours. The solution sow showed a green fluorescence. 
extracted with . The extract was dried ( ,) and after removal of the solvent the residue was 
distilled under reduced pressure to give 4-3 150——152° 0-5 mm.), which 
separated from light petroleum in cubic crystals, m. p. 107° (F : C, S21; H, 52%). The picrate, 
prepared in the normal manner, decomposed on crystallisation from dioxan-cyclohexanone. It was 
therefore prepared by mixing hot acetone solutions of the base and picric acid. After cooling, the 
crystals were filtered off and washed with cold acetone. The dipicrate thus sintered at 182° 
at 202-—203° (Pound: C, 47-5; H, 3-0. requires 
47-8: 
(2-8 @.), and acetic acid (2-5 g.) were 
a treatment of the mixture with ice and 
m (b. p | 
whe prepared the 
was condensed under 
a pH of 3 was reached. The mixture was then filtered and the residue was extracted several times with 
aqueous sodium hydroxide (10%). The combined alkaline extracts and filtrate were evaporated to 
dryness on a water-bath. The residue, containing much sodium sulphe 
alcohol (100 c.c.)}, concentrated sulphuric acid (25 c.c.) was added, and t 
bath for eight hours. It was then poured on crushed ice, and after the acid had been neutralised with : 
aqueous ammonia the ester was extracted with benzene. The benzene extracts were shaken with dilute 
hydrochion 
immediate 
4-4'-Pyridylquinoline.—4-4'-Pyridyiquinaldinic acid (1-2 g.) was decarboxylated under identical 
conditions to those described 
light petroleum (b. p. 40-—60") i 
decomposed on crystallisation 
therefore mixed and the resulting 
C, 474; H, 24%). 
Ethyl 2- 
\ 
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by Clemo, Morgan, and ost.). 
Crystallisation from dioxan of 
233° (Found: C, 756; H, 45; N, 12 
4 ) 

; mate spanieaet sodium (0-6 g.) was added to a mixture 
ot ethyl 2-pyrdylacetate 3 and methyl anthr: te (32¢.). When the initial reaction had subsided 
the pe he ee Scoam-bath lor two hours and fi in an oil-bath at 120°. 
was costed and alcohol (10 c.c.) added. The mixture was 

ited was filtered off and crystallised from 
sod in mn. p. 380° (Pound : 
C, 70-6 es 


lacetate —To ulated sodium (0-8 g.) in anhydrous ether (30 c.c.) was added 

a mixture of ethyi 2- ylacetate (5 g.) and ethy! formate (3 g.) in anhydrous ether (10 c.c.). The mix- 
ture was mechanically stirred and externally cooled by an ice-salt mixture. After three hours the sodium 
had all dissolved and the sodio-derivative of ethy! formy!l-2-pyridylacetate began to separate. The mix- 
ture was shaken with water, and the aqueous solution extracted with ether to remove unchanged —— 
materials. The aqueous layer was just acid by the addition of dilute sulp — acid and the excess 
acid was neutralised with sodium hydrogen carbonate. The resulting c 
recrystallisation from light petroleum (b. p. 60-80°) containing a trace of Seamer 

vlacetate (3-6 g.) in fine needies, m. p. 98° (Found: C, 61-0; H, 67. stale by 

The was rapidly with simultaneous decarboxy 

ution. 


2-3"- —A concentrated alkaline solution of sodium was 


sodium h hlorite solution wes to a solution of 
izzon, loc. ett.) in methyl! alcohol (20c.c.). The mixture was w: 


(5 c.c.) and uric acid (1-8 ¢.c. ; 
on a water-bath for five minutes. “n test portion of the solution was added to 2 : 4-dinitropheny!- 
hydrazine in sulphuric acid. The 2: 4-dimitrophenylaydrasone sulphate separated from the solution 

y and after ea ‘om dilute sulphuric acid melted at 211° with decom- 

position (Found 30-6; H. 31. O.N,H,SO, requires C, 39-1; H, 33%). The remainder of 
the above mixture was neutraliwed with a solution of sodium ethoxide in alcohol and o-aminobenzaldehyde 
(0-3 g.) was added. The hydrogen-ion concentration was then adjusted to pH 11 with aqueous sodium 
hydroxide, and the mixture again heated on a water-bath for two hours. Most of the alcohol was then 
distilled from the solution and the oi! liberated on addition of water was extracted with esp ed 
removal of the ether by distillation the residue solidified on cooling. 3-3’ Pyridyiquinolime (0-1 
from benzene-light petroleam (b. p. 80-100") in needles, m. p. 124° (Found : C, 81-7; H, The 
diprcrate separated from dioxan in small orange needles which sintered at 180° and melted at — 323° 
(Found: C, 47-6; H, 26%) 

2-3'-Quinolylisomtcotime Acid —A solution of 3-aminoquinoline (7-7 g.) in concentrated hydrochloric 
acid (35 c.c.) and water (15 ¢.c.) was diazotised at 0—5° with a concentrated aqueous solution of sodium 
nitrite (e g.). The oases of the diazonium salt was added in small portions to well stirred ethyl 
tsonicotinate (75¢.)at 0". After the addition the mixture was warmed to for ten minutes to complete 
the reaction. mixture was then cooled by the addition of crushed ice and made alkaline with 

ueous ammonia. The mixture was extracted with ether, the ethereal extract dried (K,CO,), and the 
ether removed by distillation. The excess of ethy! ssonicotinate was distilled off under reduced pressure 
and the residue rtly distilled and partly sublimed to give a mixture of bases (4-3 g.; b. Pp. 
160—180°/7 10% mm.). On crystallisation from acetone 3-hydroxyquinoline (2-9 ¢.) separated in cubic 
crystals, m. p. 100°, and further crystallisation raised the melting point to 196". ills and Watson (/., 
1910, 97, 741) record m. p. 198° for 3-hydroxyquinoline. Removal of the acetone from the original 
mother-liquors left an oil and a further quantity of 3-hydroxyquinoline. The oil was removed from = 
crystalline solid by trituration with alcohol. After the addition of potassium hydroxide (1 g.) to the 
alcoholic extracts the mixture was boiled under reflux for two hours. On cooling, the potassium salt of 
23 ag ooo acid (0- ~~ ) separated, and a further quantity was obtained the mother- 

um salt was dissolved in the minimum quantity of water and the free acid liberated 

pe the eddition of a0 of acetic acid. The acid was purified by dissolving it in aqueous sodium carbonate and 
stirring with animal charcoal. Acidification of the colourless filtrate with acetic acid gave 2-3’-qwinolyl- 
tsomtcotinic acid as a white flocculent precipitate, which crystallised from dioxan in fine needles, m. p. 290° 
H, 3-9. ON, requires C, 720; H, 40%). No trace of a second isomeride 
cou tected. 


3-2'- Pyridyiquimoline —2-3'-Quinolylssonicotinic acid ) was ground with soda-lime (1 g.) and 


the mixture dried in an air-oven at 120° for two hours then strongly heated in a Pyrex —_ 
3.2’. yiquinoline distilled from the mixture and, after from (b. 
melted at 09° (Found 13 Cale. for C, N, 13-6 
depression in melting point was observed when a specimen 
of 3-2’-pyridyiquinoline prepared by the method of Coates ef al. (Joc. cit.). 


| 

ice (2 €.) Cook With water. 

The freshly prepar¢ 8-3-pyridylacry!- 
; amide (1:7 ¢.; Pan on a water-bath 
’ for five minutes, and the methyl alcoho! was then distilled off under reduced pressure, which caused the 
q separation of a crystalline solid. After § hour at 0° the solid was filtered off; recrystallisation from 
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340. The Preparation of «-Substituted Glutaric Acids. 
By M. F. Awsexi and D. H. Hey, 


A new general method for the of a-substituted glutaric acids is described. 
The action of acrylonitrile on a su malonic ester or on a su uted cyanoacetic ester 
ent utaric acid. The method is illustrated 

the preparation of fourteen such acids, many of which are described for the first time. 


One of the general methods for the preparation of a-substituted glutaric acids, a series of which 
was required for another investigation, consists of the condensation of an ethyl 6-halogeno- 
propionate with the sodio-derivative of a monosubstituted malonic ester, cyanoacetic ester, or 
acetoacetic ester, followed by hydrolysis and, in the first two cases, decarboxylation. This 
method has been used for the preparation of a-methyiglutaric acid (Auwers and Titherley, 
Annalen, 1896, 292, 209; Ingold, ]., 1925, 392), a-ethylglutaric acid (Auwers, Annalen, 1896, 
292, 144; Berner and Leonardsen, idid., 1939, 588, 39), a-isopropylgiutaric acid (Heinke and 
Perkin, /., 1896, 69, 1507; Arne Fredga, Arkiv Kemi, Min., Geol., 1946, 23, B, No. 2), 
a-phenylglutaric acid (Fichter and Merckens, Ber., 1901, 34, 4175), and a-benzylglutaric acid 
(Braun and Manz, Annalen, 1929, 468, 258). Mellor (/., 1901, 78, 128) adopted a slightly 
modified procedure in which he condensed the ethy! §-halogenopropionate with ethyl malonate 
and alkylated the product. Using this method he prepared a-n-propyiglutaric acid. An 
alternative procedure utilises the Michael reaction between the ethyl ester of an a-substituted 
acrylic acid and ethyl malonate, ethyl cyanoacetate, or ethyl acetoacetate, followed by hydrolysis 
and, in the first two cases, decarboxylation. Thus, Perkin (/., 1896, 69, 1490) condensed 
ethy! malonate with ethy! a-isopropylacrylate and then hydrolysed and decarboxylated the 
resulting ethyl a-isopropyl-ycarbethoxyglutarate to give a-isopropylglutaric acid. This 
procedure may be modified by condensing ethyl malonate with ethyl acrylate and alkylating 
the product (Ame Fredga, loc. cit.). 

A new general method has now been developed for the preparation of a-substituted glutaric 
acids which has advantages over the older methods both in the simplicity of the process and in 
the accessibility of the starting materials. This method utilised the reaction between acrylo- 
nitrile and the esters of monosubstituted malonic or cyanoacetic acids (I), whereby the 2-cyano- 
ethyl group is introduced into the malonic or cyanoacetic ester (Bruson and Riener, ]. Amer. 
Chem. Soc., 1943, 65, 23; Floyd, ibid., 1949, 71, 1746). Hydrolysis and decarboxylation of the 
resulting cyanoethylation product (II) yields the a-substituted glutaric acid (III). During 
the course of this work Horning and Finelli (ibid., p. 3204) reported the preparation of 
a-phenylglutaric anhydride from the product obtained on the hydrolysis of the cyanoethylation 
product resulting from ethyl phenylcyanoacetate. 


t 
+ CHCHCN —> <H,CH,CN —> 


(il) (111.) 
(X = CN or CO,Et). 

Using this method the following acids (III) have been prepared: a-methyl- (R — Me), 
a-ethyl- (R = Et), a--propyl- (R = Pr*), a-isopropyl- (R= Pr’), «-n-butyl- (R = Bu*), 
a-phenyl- (R= Ph), «benzyl. (R= a-2-phenylethyl- (R = Ph-CH,CH,), 
a-l-naphthyl- (R = 1-C,,H,), a-l-naphthylmethyl- (R 1-C,,H,CH,), a-(2-1’-naphthylethyl)- 
(R = 1-C,,H,CH,CH,), «-2-naphthyl- (R = 2-C,,H,), = 2-C,,HyCH,), 
and a-(2-2’-naphthylethy!)-glutaric acid (R = = 2 CHyCH,). The initial malonic or 
cyanoacetic esters were prepared by published methods with the exception of ethy! 2-naphthyl- 
malonate (I; X = CO,Et, R = 2-C,,.H,) and 2-2’-naphthylethylmalonate (I; X — CO,Et; 
R = 2-C,,H,CH,°CH,). The former was prepared from ethyl oxalate and ethyl 2-naphthyl- 
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acetate, which gave ethyl 2-naphthyloxaloacetate from which carbon monoxide was eliminated 
by heating the ester with powdered giass at 175° under reduced pressure. Ethyl 2-2’-naphthy)- 
ethylmalonate was by the standard method using ethyl malonate and 2-2’-naphtbyl- 
ethyl bromide. In several cases the intermediate cyano-dicarboxylic esters or 

esters (11) were isolated in pure form, bet in other cases hydrolysis was effected on the crude 
product. 


EXPERIMENTAL. 


malonate (Weiner, Org. Systh.. Coll. Vol. I, 279) (348 ¢) and 30% methanolic 
ition, and then stirred for a further 3 solution was neutralised with 2n-hydrochioric acid, 
diluted with water, and extracted with ether. of the dried extract methyl-2- 


(44-0 110°/0-04 mm. (Found 87-7; H. 74; C requires 
N, ester (10-0 g) was boiled under reflux with 48% 


ficient water was added to dissolve the ammonium bromide, and the mixture was extracted with 
ether a of the dried extract left a-methyigiutaric acid as an oil (6-2 g.)}, which solidified 
when kept. Kecrystallisation from benzene gave the pure acid in small needles, m. p. 77—78". Auwers 
(loc. cif.) records m. p. 77—~78" for this acid. 

Kthyigiutaric Awd. —Ethyl (5-0 of Bruson 
and Kiener (joc. ci.) using tert -buty! alcohol in place of dioxan and 30 potassium hydroxide 
in e of trimethylbensylammonium hydroxide, was hydrolysed by boiling it under reflux with 48 
hydrobromic acid (20 c.c.) for § hours. The reaction mixture was extracted as for a-methylglut 
acid. Evaporation of the ethereal extract left «-ethyigiutaric acid (3-0 g.) as an oil, Saee when c 


and scratched solidified. ice-cold p- 40-60") gave 
open. m. and Leonardsen (Joc. cit.) rec 


p. 
methyl 2 yer I is (188 was Toxopeus, Ree. Trae 


(40g), tert g.), and 30% methanolic potassiv 
(20 ted from ice-cold in prisms, m. p. 31-—32° (Found 
6.7; H, #1. On requires C, 61-2; H, 82%). This ester (5-0 g.) was hydrolysed by boiling 
it under reflux with 48% bydrobromic acid (20 c.c.) for 8 hours. reaction mixture was then ex- 
tracted aa for o-methylglutaric acid. Evaporation of the ethereal extract left e-n-propylglutaric acid 
(3-6 ¢.) as an oil, which Pave Ae idified Maney from water gave the pure acid in small 
colourless needles, m. p. 60-5-— Mellor (Joc. ett.) records m. p. 66--68°. 

a Acid. Ethyl wsopropyl-2-cyanosthyle (40-2 g.), 125° /0-035 mm., 
was prepared as for ethyl methyl- from ethyl i tat > 
acrylonitrile (10-6 tert.-buty! ale (oO and 30% methanolic potasium by hydroxide (1-0 g. 
(Found: C, 63-8; N, 196. vires C, 63-5; H, 13-6%). tr (100 os) 
was hydrolysed by —s 48% hydrobromic cc.) (8 hours), and the reaction mixture then 
extracted as for a-methylglutare acid Seapaaien of the ethereal extract left a-isopropylglutaric acid 
(#1 g.) as an oil, which readily solidified. Kecrystallisation from water gave the pure acid as smal! 
colourless needles, m. p. 04-06". Perkin (/., 1806, 68, 1495) records m. p. 94-95" 

a-n- Butyighstaric Acid —-Ethyl n-buty!-2- (to by the method of 
Bruson and Riener (Jec. ctf.) using tert-butyl alcohol and 30 potassium hydroxide im place 
of dioxan and hydroxide, was ydrolysed bell bothng 45% hydrobromic 
ackd (40 c.c.) (8 howrs), and the reaction mixture was then extracted as for e-methyiglutaric acid. 
Evaporation of the ethereal extract left a-n-butylgistaric acid (5-9 g.) as an oil which solidified on st 
in an evacuated desiccator over ae | acid = several 7 ol Recrystallisation from benzene gave the 

2; C,H,,0, requires C, 57-6; H, 85%). 


yl 2-<yanoeth ylmalonate was as for ethyl methyl-2-cyano- 
ethylmalonate from ethyt malonate (23-6 g.), acrylonitrile (5-3 g.), tert.-butyl alcohol (50 g.), 
ety methanolic potassium hydroxide (2-0 g.). Evaporation of the ethereal extract left the ester 
eee of as an oil, which when cooled and scratched solidified. Recrystallisation from ice-cold alcohol 
re compound as colourless pnsms, m. p. 37° (Found: C, 66-6; H, 62. C,,H,,O,N requires 
fe 62%). It (19-5 g.) was hydrolysed and worked up as above, a-phen ighutaric’ acid being 
(13-8 g.) as an oi, which on with occasional cooling and scratching solidified. Re- 
crystallisation from ice-cold benzene—t troleum (b. p. 40-60") gave the pure acid in small colourless 
needles, m Fichter ‘and ena (loc. cit.) record m. 
a tod. —Ethy! benzylmalonate (Marvel, Org. 1941, 21, 99) was condensed 
with fonitrile according to the procedure of Bruson (loc. cit.), tert.-butyl alcohol and 
olic potassiam hydroxide im place of dioxan and trimethylbenzylammonium hydroxide. 
ethyl benzyl-2-cyanoethyimalonate (17-5 g.) was hydrolysed by boiling it under reflux wi 
48% rin th acid (120 c.c.) for 8 hours and thea extracted as for «-methylgiutaric acid 7. 
ation ot the ethereal extract left «- -benrylighutaric acid (18-2 g.) as an ot}, which readily solidified. 
tion from benzene gave the pure ack! in small colourless neecdiea, m. p. 77-18". 
eit.) record m. p. 76". 
Phen ylethyl\glutarve Acid ~-Ethy! 2- ylethy!-2’ 
1 methy!-2-cyanoeth from e 
| 4-6 g.), tert.-butyl alcoh ( 


malonate (71-7 g.) (Rupe, Annalen, 
tion of the eth extratt left the 
Woe This compound (90-0 hydrolysed as above, gave a-( 


a 
4 
4 
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(213 solidified. benzene gave in small 
m. p. (Pound : C, H, 67 requires C, 86 


with um b 


The residual solution was cooled, diluted with water, 
Evaporation of the dried ethereal 


and extracted with ether. 
(16-1 g.) as an oil, which readily solidified. Recrystallisation from iit 
p. 122—124° C, 71; C,,H 


). 
Acd.—Ethy! and Imalonate was 
. Amer. Chem. Soe., 1040, 
(8g), and methanolic um h 


boiling it under 
Treatment as the 
case then gave e- were 
a from toluene gave t “pate acid in small 


H uires C, 
1943, 6, 2314), acry alcohol (50 


(equal volumes) gave ‘maphthy lethyl (6-5 g.) in 
small needles, m. p. 171-—-173° (Found: C, 71-2; H,@2. C,,H,,O, requires C, 6-3%). 
Nephthyiglutaric Aad.—Ethy! oxalate (19-0 was to a stirred colution of sodium ethoxide 
from absolute alcohol (60 c.c. yond 13-6). followed after a few minutes’ ethyi 
thylacetate (28-8 g.) (Wislicenus and Elvert, Ber., 1916, 48, 2827) in absolute alcohol (20 ¢.c.). 
The solution was heated under reflux for 30 ——, sold begin pe sony Spe separate. The mixture was then 
cooled to 0°, the solid product removed from the flask with the of ether, filtered off, washed with 
ether, and then mixed with water (200 c.c.). When most of it had dissolved, ether (100 c.c.) was added 
and the solution made just acid to litmus with 20% sulphuric acid. The ethereal layer was separated 
and the aqueous layer extracted with ether. After the removal of the ether from dried extracts 
(Na,SO,) the residue of ethyl 2-naphthyloxaloacetate was mixed with powdered glass (40 g.) and 
heated under 15 mm. pressure until the bath temperature reached 175°, where it was kept for | hour, 
after which time evolution of carbon monoxide had ceased. It was then distilled to give ethyl 2-maphthyl- 
maionate b. -5 mm., which immediately solidified. Recrystallisation from 
b. p. 60—80") ga re ester in stout needles, m. p. 990-—100° (Found C, 71-1; 
71-3; 6. The ethyl 2-naphthylmalonate (5-0 g.) was dissolved in +B, -buty! 
alcohol (tog ) with heating, and solution cooled with stirring to 30°, thus vielding a fine sus- 


Methanolic potassium ‘by acrylonitrile (20 g.). 
The ethyl 2- k Beenae meer rm dissolved and the temperature of the solution rose and was allowed to 


reach a maximum of 40°. After a further 3 hours’ stirring, the solution was extracted as for ethy! 
methyl- yimalonate. of the ethereal extract left ethy! 2-naphthy!-2-cyanoethyl- 
malonate ( 0 p. 170--175°/0-03 mm. This compound 

boiling it under reflux with a solution of potassium hydroxide (45 g.) in alcohol (5 c.c.) and water 
(5c.c.). After about 2 hours a considerable amount of solid had separated and water (5 ¢.c.) was added, 
and heating continued fora further4hours, The reaction product was then extracted as for «-!-naphthy!- 
glutaric acid. After boiling of the decarboxylated product with water the oily acid solidified on cooling 
and was filtered off. Recrystallisation from water gave o-2-naphthy acid ¢.) in email 

a-(2-Nap meth Acid.—Ethy] hyl-2’-cy was 
as above from ethyl 2-naphth .) (Mayer and Sieglits, Ber., 1922, 655), 
acrylonitrile (4 tert.-butyl (90 methanolic potassium hydroxide 
Evaporation of ethereal extract -2’-cy ethy! 
The ester (280 was hydrolysed by Rydronide (28-0) in alcoho 

tion of the ethereal left a-(2-nap 
ition from petroleum (b. p. 60— 

124—125° (Found: C, 709; H, 5-7. requires 


—Absolute added slowly suspension 


ethyl 
nitrile 
ation 
This ester (23-0 g.) was hydrolysed by boiling it under refiux 
(23 c.c.) and water (18 c.c.). After about 2 hours a considerable amount of solid had separated a 
as above from ethyl |-nay 
62, 2338), acrylonitrile (: 
g.). _Evaporation « 
3g.) 
reflux wr 
‘ecedin 
of 


Cc, 720; H, sO, 
(4-2 g.) im alcoho! (60 g.) is 
yimalonate. 


ve ethy! 
(26-0 g.) was b 
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341. Reactions of Halogens with Phenols. 
By K. and C. H. Reece. 


or sulphury! chloride with p-cresol at room tempera 
eresols, the ether (I) and the di- and ter-phenyl derivatives (1) and itl. The 
applicability of the reaction to a variety of to bromine has 


). 
end 


Tue reaction of halogens with phenols under mild conditions has long been known to yield 


simple halogen-substituted phenols. The present investigations have shown that chlorine or 
chlorine-generating compounds can give, from some phenols, a variety of more unusual products 
ander these conditions. Thus sulphuryl chloride or chlorine gives with p-cresol, not only 
3-chioro-p-cresol, but also 3-chloro-4 : 4’-dimethyldipbeny! ether (I), the diphenyl! derivative 
(11), and the terpheny! derivative (II). 


(ih) 


The general procedure adopted for the preparation of these types of compounds is reaction 
with sulphury!l chloride at 20-——30° in the presence of a small amount of zinc chloride. Although 
zinc chloride is not essential for the reaction, better yields are obtained in its presence; the 
combined yields of (I1)—(III) from p-cresol approximate to 26%, and that of 3-chloro-p-cresol 
to 13%. 

The formation of compounds (1)—(III) appears to be little affected by temperature over the 
range investigated (20-—100°), and variation in the molecular ratio of sulphury! chloride to 
p-cresol alters mainly the ratio to each other in which these compounds are formed and not their 
combined yields (see Table, p. 1689). 

Distillation of the p-cresol reaction mixture, after removal of zinc salts, gave four fractions, 
(A)-—(D). 

The first, (4), consisted of unchanged /-cresol and chlorocresol which were separated by 
distillation of their methyl! ethers. 

Fraction (8) had the empirical formula C,,H,,OCIl, gave no colour with ferric chloride 
solution, and was insoluble in dilute sodium hydroxide. It was recovered almost quantitatively 
after being refluxed with 20% alcoholic potash or hydrogen iodide. It is thus probably the 
ditolyl ether (I) or (IV) with the halogen in the nucleus. It did not yield a picrate and 
decomposed on attempted nitration with fuming nitric acid in sulphuric acid at 0° [Reilly, 


1686 Bowden and Reece : : 
beating (5 g)(Karver, and Schwab, Hele 
minutes’ -2’-naphthyleth omide g.) (Karrer, Geiger, Ruegger, 
Chim. reaction mixture was kept warm on a water-bath 
overnight and then botled ander reflux for 1} hours. After cooling the mixture was diluted with water 
and neutralised with 2~-hydrochloric acid, the benzene layer separated, and the aqueous layer extracted 
with ether. After drying of the combined extracts (Na,S0,). the solvents were removed and the residual 
malonate (26-6 g.), b. p. 197—-202° 0-2 mm. (Found 
H, 70%). This ester bso .) was condensed with acry 
the presence of 30% methanclic poteash 
Evaporation of the ethereal extract anoethyimalonate (28-0 g.) as 
a viscous Tse The latter compound it under reflux with potassum 
hydromide (28-0 2 in alcohol (28 c.c.) and water (25 c.c.) for 6 hours. The reaction product was ex- 
tracted as for «- a acid. Evaporation of the ethereal extract gave a solid which was 
decarboxylated at oe ag (45 minutes). After cooling, it was boiled with water : 
for 15 minutes and extracted with . Evaporation of the dried ethereal solution gave «-(2-2’- 
naphthylethylgiutartc acid (19-9 ¢) as an oil, which readily solidified. Recrystallisation from benzene 
a”: the acid in smal! needles, m 117119" (Found: C, 71-3: H. 64. C,.H | 
Me Me ~ Me Me 
oom 
Ya Wa 
a) = (iL) 
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Drumm, and Barrett (/., 1927, 67) obtained a similar result when they attempted to nitrate 
di-p-tolyl ether}. Oxidation by potassium permanganate in aqueous pyridine gave a mono- 
carboxylic acid which did not melt below 300° and which gave an S-benzylthiuronium salt, 
m. p. 184°. The ethers (I) and (IV) were synthesised and oxidised to their respective acids 
(V) and (VI). The acid from fraction (B) was unexpectedly found to have the structure (V1). 


a a a Me OH 


Vv) (V1) (VIL) 


The only chloro-4 : 4’-dimethylpheny!l ether recorded in the literature is that obtained by 
chiorinating 4: 4’-dimethyldiphenyl ether, when the halogen was thought to enter position 2, 
giving (IV) (Mailhe and Murat, Bull. Soc. chim., 1912, (iv), 11, 288). Chlorination of di-p-tolyl 
ether with sulphuryl chloride in the presence of iodine gave an oil, b. p. 311—314°/758 mm., 
which was identical with the chlorodimethyldiphenyl ether obtained from 2-amino-4: 4’- 
dimethyldiphenyl ether by a Sandmeyer reaction and therefore had the structure (IV). 
Oxidation of this ether gave the carboxylic acid (V), characterised as its S-benzylthiuronium 
salt. 

The ether (IV) was also prepared from the potassium salt of 3-chloro-p-cresol and 
toluene. This general method of preparing chloroditolyl ethers was found to be satisfactory for 
preparation of (I) from 2-chloro-p-cresol and p-bromotoluene after other syntheses had failed. 

Fraction (C) after crystallisation had m. p. 154°, was soluble in dilute sodium h 
solution, and gave a greenish-blue colour with dilute ferric chloride solution. It had the 
empirical formula C,H,O and gave a crystalline benzoate and acetate. It was identical with 
the diphenyl derivative (II) obtained by Pummerer ef al. (Ber., 1922, 65, 3116) and by 
Westerfield and Lowe (J. Biol. Chem., 1942, 145, 463) by different processes, and differed from 
the isomer (VII) in its ultra-violet absorption spectrum. 

Fraction (D) after crystallisation had m. p. 197°. It was a phenol, of formula C,,H,,0,. 
It has been recorded by Pummerer ¢f al. and by Westerfield and Lowe (locc. cit.), the latter 
authors concluding that it was the terpheny] derivative (III). 

The compounds (II) and (III) were obtained from p-cresol by potassium ferricyanide 
(Pummerer et al.) and the enzyme peroxidase (Westerfield and Lowe) and could conceivably 
have been formed by free-radical mechanisms (see Harington, J]., 1944, 193). Our investigations 
of the reaction between sulphuryl chloride and p-cresol preclude free-radical mechanisms. The 
presence of sulphur or organic nitro-compounds, known to inhibit free-radical mechanisms 
(Kharasch and Brown, ]. Amer. Chem. Soc., 1939, 61, 2142), did not influence the course of the 
reaction to any large extent (see Table). Again, the addition of benzoyl peroxide, known to 

the formation of free radicals, had no influence. This, and the unexpected configuration 
of the product (I), having the chloro-group in position 3 and not the expected position 2, 
indicated that the halogen atom had not been introduced by simple substitution into either 
p-cresol or 4: 4’-ditolyl ether, and led us to consider mechanisms other than those involving 
free radicals to explain the formation of al] three types of product. 

When chlorine was passed into p-cresol in the presence of a trace of zinc chloride the same 
products were formed as when sulphuryl chloride was used, showing that the sulphury] chloride 
was acting solely as a source of molecular chlorine. 

From , sulphury! chloride in the presence of a small amount of zinc chloride 


gave a 13°7% yield of 3 : 5-dichloro-p-cresol and a 9°6% yield of 3 : 3’-dichloro-2 : 2’-dihydroxy- 

5: 5’-dimethyldiphenyl (VIII). In this experiment less than 1% of the expected ether (XIV) 
formed. 

with a dihydroxytetramethyldiphenyl (XI) (cf. Bamberger and Brun, Ber,, 1907, 40, 1952). 


On the other hand phenol, o- and m-cresols, p-tert.-butyiphenol, and p-tolyl methyl ether 
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with sulphury! chloride and zinc chionde gave only simple chlorinated derivatives, and 3 : 5-di- 
chioro- and 3-nitro-p-cresol did not react. 

Either bromine or N-bromosuccinimide with p-cresol in the presence of the same catalyst 
gave only simple bromocresols and hydrogen chicride was without effect on a mixture of p-cresol 
and chloride. 

be produced by the action of chlorine, the phenol must have a side chain in the para-position 
to a free hydroxyl group. 

The negligible effect of substances which promote or inhibit free-radical formation is evidence 
against the products being formed by free-radical mechanisms. Again the possibility of the 
reactions proceeding via the derived p-methylene-quinones was discounted in view of the 
readiness with which such compounds react with hydrochloric acid (which is produced in large 

From the experimental results obtained the mechanism shown in the chart seems to be the 
most suitable hypothesis, Kepetition of the process giving diphenyl derivatives will obviously 
give ter- and poly-phenyl derivatives. 

This hypothesis explains (see Table) why only small amounts of zinc chloride are necessary ; 
also why copper and cobalt chlorides do not act as catalysts, since their affinity for electrons is 
much less than that of aluminium chloride, zinc chloride, or sulphur dichloride (formed from 


(XILL) 
H 


sulphur when it was added to the reaction mixture), It can be seen that 
mechanism the reaction will proceed in the absence of a catalyst but the yields will be decreased 
as the molecule is leas activated. 

The son-formation of compounds similar to (XII) from phenol or o- or m-cresol explains 
why they yield only mononuclear chlorinated products. In the case of fert.-butylphenol it is 
considered that the reaction is sterically hindered. 

The mechanism also explains why 3-chloro-p-cresol gives so much less of the ether (XIV) 
than of the diphenyl derivative (VIII); for, although the halogen atom in 3-chloro-p-cresol 
tends to deactivate tae whole ring, it has a greater effect on adjacent position than on others, 
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Effects of various reagents and conditions on the reaction between sulphuryi chioride and 
p-eresol (21 g.). 


Mol. ratio, 
1:2 


obtained 6-chloro-m-4-xylenol (XVI) m-xylene-¢-quinol (XV) with hydrogen 


EXPERIMENTAL, 


(Analyses by Drs. Weiler and Strauss, Oxford. M. p.s are uncorrected.) 
huryl Chloride with vesol im the Presence of Zine Chloride.—Sulphi chloride 

tine corde (20g) warting a 30°, at which temperature is liquid. During the ition 
the temperature fell to 20°, the mixture remaining liquid. After about 20 minutes hydrogen chloride 
and sulphur dioxide were evolved and the temperature rose to 25°, the mixture dar and the zinc 
with water and petroleum layer, after being 
(1-28 g. (aie-bath temp.) /2 mm. 

b. p ee (aio-be th temp.) mm. (0-78 g.). The higher residue 


ol (0-6) and water was added until a solution formed. 
were decolorised with sulphur dioxide and acidified with 

to give white needies of the sodium salt of the These 


of the guve 


= 
1:2 2g. 32 
26. 13 24 
S, 2g. 48 15:5 
a Ph-NO,, 2 c.c. 32 
ZnCl, g. + Ph*NO,, 25 cc. +9 174 
so that in the intermediate (XIII) the affinity of the hydroxyl group for the hydrogen ion is _- 
decreased more than is that of the halogen in the para-position. Therefore only (VIII) is ’ 
obtained in any quantity, although the yield of this is less than that of the corresponding ether 
obtained from p-cresol. 
cl na 
(XVI) 
The aromatic ring of 3-nitro- or 3 : 5-dichloro-p-cresol is deactivated to such an extent as to 
prevent the formation of compounds similar to (XII). 
From the above hypothesis it can be deduced that the chloro-ether obtained from m-4-xylenol 
Fraction (A). The total fractioa, dissolved in a solution of sodium hydroxide (6-0 g.) in water (30 c.c.), | 
was cooled to 5° and methylated with methy! sulphate (20 g.) (stirring) at that temperature for 2 hours 
and then at the b. p. for 2 hours. The resulting ethers were fractionally distilled giving p-tolyl methy! 
ether, yoy 748 mm. i 
alcohol H, 66: 
ib 
h 
44 
m. 
13 
lic acid 
acid ¢ wueous as m. ; 
Fraction (C). material had m. p. 
from cyclohexane (Found : C, 78-7; H,@4. Calc. for : C, 16-6; H, Light absorption : 
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Westerfield and Lowe (/. Biol. Chem., 1042, 145, 464) give 
ative (II), and cite maximum at 2980 4. (e = 6000). The acety! 
and Lowe, loc. cit., give m. p. 88°). The dibensoate crystallised 


sl had m. p. 194° and 
It was soluble in dilute sodium b 


t absorption 
the derivative (ITT) and a maximum at 2950 a. (¢ = 
resol im the Presence of Zine Chloride.—Dry 


fraction the residue was 
2 x mm., giving the following frac : ait-bath temp. 110-—120°, di Wether (1) (12 g): 
derivative (II), m. p. (2-6 and 200-220", terpheny! ative (III), m. 


Ether (1V).—{a) Di-p-toly! ether in carbon tetrac 
chlorinated with sul ch 
b. p. (42% 
and potassium h 
water (cf. Reilly, Drumm, and Barrett, : 
with tine ent rochloic sci | ‘wield. (ef. 1927, 1 


otisation of the amine idiphen 
2 ‘ 6-2%) 


(c) Potassiam hydroxide (5-6 g.) was dissolved in 3-chioro-p-cresol (29 g.) on the steam-bath. 
bronze (5 g.) and p-bromotoluene (17-1 g.) were added and the stirred mixture heated on a wax-bath 
to 160°, at this temperature a slight reaction commenced, so the bath was removed until the internal 
temperature began to fall, the being then re-immersed and the temperature raised to 175". The 
mixture was stirred at this ture for 30 tes and after ¢ was shaken with water and 
ether. The ethereal layer was washed with dilute sodium hydroxide solution, then with water, and 
dried (Na,SO,). The ethereal solution was distilled to give unc ed bromotoluene and later a 
fraction, b. p solid. The methanol-soluble 
material, on distillation at 1 mm ee gave 2-chioro-4 : 4 yidipheny! ether, b. p. 143—145° 
17%) (Found : C, 72-3; H, 5-8 

To the ether (5 ¢.) water (30 c.c.) was added pyridine until the mixture became 
neous. Potassium permanganate (14-2 g.) was added and the solution heated on the steam-bath 
for | hour by which time the k colour d . The mixture was filtered hot and the 
colourless filtrates were acidi with concentrated hydrochloric acid, a white solid being pana 
This was filtered off and dissolved in hot 8% sodium hydroxide solution (40 c.c.) from which the sodium 
salt of the carboxylic acid crystallised out on cooling. After filtration, the crystals were dissolved in 
hot water and the solution was acidified with concentrated hydrochloric acid, giving a white precipitate, 
which was filtered off and dried (yield, 2-8 g.). Cc ee 3-chloro-p-tolyl 7. We tallised 
from dilute acetic acid but did not melt below ator IF C, 64-2; bk. #1. C, requires 
C, 64:2; H, Ths Gem meth algo! as 
needles, m. p. 160° (Found: C, 62-1; H, 48. C,,H,,O,N,CIS requires 2 2; 9°, 

3-Ciloro-4: 4’ phenyl Ether (1).—Potasstum hydroxide (5-6 g.) was in 
stirred mixture was treated as in preparation (c) of the ether (IV). The resulting ethereal sol 
distilled, givin 3-cAloro-4 : 4'-dimethyldiphenyl ether, b. p. 148-—151°/1 mm., m. p. 16—17° O8g. 42%) 
(Found: C, 720; H, @1; Cl, 166%). 

Oxidation. The foregoing ether (3 g.) was oxidised with 

dine as was the isomer Aw), and the resulting carboxylic acid was dissolved in hot hase 

ydroxide solution (20c¢.c.). The sodium salt crystallised on cooling of the mixture and was filtered 
and dried (yield, 1-8 g.). The S-benzylisothiuronium salt crystallised 
needies, m P 184", not depressed on admixture with the salt of the 
action of sulphuryl chloride on p-cresol. 

Reaction of Sulphuryl Chloride anth m-4-Xylenol in the Presence of Zime Chloride. ry! chloride 
(13-5 g.) was added to a stirred mixture of m-4-xylenol (24-5 g.) and powdered zinc chloride (2 g.) at 
30°. After the mixture had been stirred overnight it was worked up as in the reaction with p-cresol. 
After removal! of the lower-boiling phenolic fractions distillation ot the residue gave: (a) 5-chloro- 
4: 2°: &tetramethyldiphenyl ether (X) (1-2 g.. 47%), a neutral oil, b. p. 110-125" (air-bath 

x 10°* mm. (Found: C, 73-4; H, Cl, 13-8. C,,H,,OCI requires C, 73-7; H, 66; Ci, 
(0) the dipheny! (39 16-12%), b. p. 160-175" (air-bath temp.) /2 x 10° mm., 


2: 
erystallised from needles, 136° 
a colourless oi! which solidified on cooling. (XI) ligroin in white m. p. 

p, Gove 197") (Pound: C, 790; H, 7-4. Cale. for 


with 3-Chloro-p-cresol im the Presence of Zime Chloride.—The chloro- 

(2 g.), and sulphury! chloride (20-5 g.) 
added to stirred mixture at 30°. After stirred overnight the mixture was shaken with. water 
and light petroleam (b. p. 60-—80*), and the organic xtracted with 8% sodium hydroxide solution 
(200 ¢.c.) and then dried (Na,SO,). solvent a yellow oil (0-2 g.), which solidified 
on cooling and had the odour ether, remained. 


Max. at 29904.; = 6200 
m. p. 154° for the deriy 
derivative had m. p. 88° (Wester 
Cota C96. 
J, requires C, 
The crade 
colourless plates, m. p. 197° ydroxide and gave 4 pale green colour 
with ferric chioride solution (1 06. Calc. for H,O,: C. 787; H 
66%; Mf, 320). 
(loc. give m pie 
Reaction of Chlors 
into a mixture of p-cresol (21 g.) and Gnely powdered anhydrous zinc chioride (2 g.) at 30—20° until it 4 
had increased by 4g. The reaction mixture was stirred overnight at room temperature and worked d 
was 
ther, 
4 4 nt of 
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The sodium hydroxide solution was acidified with 
extracted with ether. The ethereal extract was dried Cate weet igh 
chiorocresol, b. p. 96—09°/14 mm. (29 g., 67-5 followed by 

125°/14 mm. g.. 13-7%), and 3 : 3dichloro- 8 b. 

requires C. 80-4: H, 42: Cl 25 of (VIII), crystallised trom from methyl hed 
m. p. 140° (Found C, 68-0; requires C, 40%). 
The authors are indebted to Dr. © A: 


Tux University, Lezps, 2. (Received, March 17th, 1950.) 


342. On the Structure of Knudsen’s Base and of Related 
Compounds. Part II. 


Ursansxt. 


dipicrates. The mechanism of the production of the methylhexamine cage is considered. 
Tue work described in Part I (J., 1950, 624) establishes with reasonable certainty the three- 
fold identity among the corresponding salts of (1) Knudsen’s base, (2) the base A obtained by 
treating hexamine dinitrate with hot solvents, and (3) the methylhexamine cation, but some 
further evidence along three lines is described below. 

(1) Dinitro-derivatives.—Knudsen's nitrate and authentic hexamine methonitrate were 
treated with cold nitric acid (98%), a reaction which with the authentic methonitrate has been 
shown by workers in the University of Pennsylvania to give 3 : 7-dinitro-1-methylpenta- 
methylenetetramine 1-nitrate (IV), m. p. 143° (private communication from Professor Marvin 
Carmack). According as Knudsen’s nitrate has structure (III) or (II) of Part I, it should give 
either (IV) or 3 : 7-dinitro-1 : 5-dimethyl-1 : 3 : 5 :; 7-tetra-azacyelooctane 1-nitrate (V). 


CH, Xo, CH, 
NO, MO, 
= 
H, 


Both products had m. p. 142° alone or mixed, and both gave positive Thiele-Lachmann 
i negative Liebermann tests for N-nitroso-groups. The analytical 


products and thus structure (III; X =< NO, of Part I) for Knudsen’s nitrate. The 


would be expected, therefore, to yield (V1; X = sd ce ei 


and Knudsen's picrate either (VI; X = picrate) or 3-nitroso-7-nitro-1 : 5-dimethyl-1 : 3: 5: 7- 
tetra-azacyclooctane 1-picrate (VII; X = picrate). 
CH, \ xe CH, | xe 
CH, 


(VI) 


data (see table), especially the values for N-Me and CH,, confirm the structure (IV) for the 
(2) Nitrosonitro-derivatives.—Knudsen's picrate and authentic hexamine methopicrate 
were treated with a mixture of nitric acid (98%) and dinitrogen tetroxide. Hexamine metho- 
nitrate under these conditions yields 3-nitroso-7-nitro-l-methylpentamethylenetetramine 
l-nitrate (VI; X NO,) (private 
University). Hexamine methopicrate 
(VIL) CH, 
5a 
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Liebermann tests. This and analyses (see table) indicate that they 
pounds of structure (VI; X — picrate) and confirm the structure 


N 
C% Anion X®@, %. 


46 +0 21 

45 «6336 211 
33-2 210 
330 


{Prom 
Por C ( 
Cale. (Vii; X ~'picrate) 


Diptevate. 
From Kaudsen’s picrate 336 22 
Fr From hexamine methopicrate 22-7 
Authentic dimethythexamine dipicra 22-9 
Cale. TIL; X 360 224 
For Cg MgO (TX: x= picrate)... 38-2 224 


Had Koudsen’s picrate had structure (Il; X = picrate) of Part I, the product of the 
addition of methyl picrate would probably have been (IX; X = picrate), differing widely from 
(VIII) in the significant N-methyl and methylene contents. Analytical results are given in 
the table. 


The dipicrates from Knudsen's picrate, and authentic hexamine methopicrate melted 
at 196.—196° alone or mixed. The melting point of dimethylhexamine dipicrate was 
trom McGill and Bristol as 212°. Authentic specimens of the dipicrate from Bristol (m. p. 212° 
in Bristol) with the dipicrate from either Knudsen’s picrate or authentic hexamine methopicrate 
gave mixed m. p. 196-—200°, and all specimens of the dipicrate prepared in Manchester by the 
Bristol and McGill methods and a specimen of the dipicrate which had m. p. 212° in Bristol have 
similarly shown m. p. 195-—-196° in Manchester. The position is closely similar to that found 
with hexamine methopicrate itself. It is more disquieting that mixtures of authentic hexamine 
methopicrate and of authentic dimethylhexamine dipicrate also melt at 195—200°. However, 
the analytical results leave no doubt that the product from both Knudsen’s picrate and hexamine 
methopicrate is indeed dimethylh ine dipicrate, and the rather anomalous melting points 
act as a further caution against relying too much on these rather high decomposition points. 

The final test was made by Professor F. J. Llewellyn who, in X-ray powder photographs of 
the dipicrate from Koudsen’s picrate (m. p. 195-196") and authentic dipicrate (m. p. 212° in 
Bristol, 195--.196° in Manchester), found identical patterns (see Plate). 

The results from these three lines of work thus confirm the threefold identity and structure 
(LI of Part I) for the Knudsen base salts. 


(III) tor Kaudsen’s base salts. 
Prom hexamine methonitrate ......... 246 aitrate 
42 
26 3-5 27-46 45 
gr 324 34 65 1568 613 
32:3 38 28-2 13-0 26 
62 131 «6714 
64 130 
64 34 «6724 4 
134 8672-8 
13-8 8673 
; (3) Dipicrates._The elements of methyl picrate were added to Knudsen’s picrate and y 
‘ authentic hexamine methopicrate and the product, in each case, was identified with dimethyl- 
hexamine dipicrate, m. p. 212° (VIIT; X « picrate), prepared independently via the dinitrate 
in McGill University (private communication from Professor Carl Winkler) from hexamine 
and methylammonium nitrate and in Bristol University (private communication from 
Dr, A. Carruthers) from 1; 3: 5-trimethyl-1 : 3 : 5-triazacyclohexane, formaldehyde, ammonium 
nitrate, and nitric acid. 
x Su 
cH, CH, 
j Nea” 
CH, 


X-Ray “a for dimethylthexamune dipicrate (north and south and the 
methyl dipwrate from Amudsen's base (east and west quadrants). 


(Te face p. 692. 


j 
| 
| 
| 
| 


[1950] Om the Structure of Knudsen's Base, dc. Part I. 1693 
A Consideration of the Production of Tetra-aikylammonium Derwatwes of Hexamine.—Apart 


between formaldehyde and ammonium sulphate and (2) the action of hot solvents on hexamine 
dinitrate. In both, the methylating agent must be formaldehyde. N-Methylation by 
formaldehyde has long been recognised. Thus Piéchi (Ber., 1888, 21, 2117), Brochet and 
Cambrier (Compt. rend., 1895, 120, 449, 557; Bull. Soc. chim., 1895, [iii], 18, 392), Eschweiler 
(Ber., 1905, 38, 880), Koéppen (ibid., p. $82), and especially Werner (/., 1017, 111, 844) have 
demonstrated the formation of mono-, di-, and tri-methylamine from aqueous formaldehyde 
and ammonium chloride. It seems certain that N-methylation in biological syntheses is due 
to formaldehyde (Robinson, ibid., p. 876), probably by the reactions : 


The first of these stages undoubtedly occurs (see, ¢.g., Robinson, J., 1936, 1079) and the overall 
process is well established. 


The reducing agent needed for the second stage may be formaldehyde itself. Thus 
formaldehyde undergoes the Cannizzaro reaction in alkaline solution Lieben (Monatsh., 1901, 
22, 289) : 


2CH,O + H,O —> CH,OH + H-CO,H 


while from the formaldehyde-ammonium chloride methylation reaction (acid conditions) 
Werner (loc cit.) has isolated methyl formate. The formic acid produced can, itself, act as a 
reducing agent: H-*CO,H —-> (2H) + CO,. In all these reactions carbon dioxide is evolved, 
especially at high temperatures (ca. 70°). If some other reducing system is present, ¢.g., 

following 


>CH-OH, it may be used. Thus Hess (Ber., 1913, 46, 4104) has shown that the 
process occurs in the hygrine series : 
bu, du ine bu, bu, 


not isolated 
Werner (loc. cit.) advances the view that the stage N-CH,OH —~-> N-CH, of the process 


goes by the steps NHR-CH,-OH ——> NR:CH, + H,O ——> NHR-CH, + H-CO,H. 

In view of the extreme ease of hydrolysis of the aldimines (see, ¢.g., Taylor and Baker in 
Sidgwick’s ‘ Organic Chemistry of Nitrogen,” Oxford, 1947, p. 65) the existence of NICH, in 
appreciable amount in dilute acid solution is most unlikely. Moreover, Werner's view forces 
him to propose a most artificial mechanism to account for the production of trimethylamine. 

The less involved hypothesis of direct reduction of N-CH,-OH seems preferable. It may 
the form of methylbishydroxymethylamine or 1 : 3: 5-trimethyl-1 : 5-tria 
Werner claims that the absence of “ condensation products,” sold ting 3: 5-trimethyl- 
1: 3; 5-triazacyclohexane, from the milder low-temperature reactions of formaldehyde with 
ammonium chloride is proved by the non-appearance of a precipitate on the addition of picric 
acid. This evidence is not conclusive since pre-formed | : 3 : 5-trimethyl-1 : 3 : 6-triazacyclo- 
hexane is not thus precipitated. It is possible, however, that the compound is not stable in 
acid solution. 

Outside the hexamine field it does not appear that formaldehyde can effect the final stage in 
the complete methylation of an amine, i,, the production of the quaternary tetra-alky! 


Indeed, it seems likely that so mild a reagent acting through so labile an intermediate as the 
N-CH,°OH system would be unable to achieve the drastic final stage in which the nitrogen atom 
is constrained permanently to the quadricovalent ammonium state, but would more readily 
replace hydrogen atoms attached to nitrogen in the tercovalent electrostatically-neutral state. 


cation arises, somewhat unexpectedly, in at least two other reactions: (1) Koudsen’s reaction, 

| 

| 

| 
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It is suggested, therefore, that the production of hexamine methonitrate from hexamine 
dinitrate proceeds through the “ cage-opened “ structure as follows : 


This scheme is necessarily more clear-cut and formalised than the actual process is likely to 
be. With the exception of the reduction (c) and the ring closure (d) * all the steps involved are 
reversible, Each >N-*CH,OH system exhibits the tautomerism, >N-CH,OH == 


>NH + CH,O = >NICH,JOH® (cf. the tautomerism of cotarnine). It is not certain in 
what order the earlier steps occur. Thus the reduction of N-CH,OH to N-CH, may occur quite 
casty at NCH OH. Similarly the exchange of OH for NO,, placed above at (¢), may occur 
earlier by >N-CHyOH ——> >N-CH,O-NO,. It may well be that the critical reduction 
proceeds by processes (c’) and (c”) rather than by the direct process (c). The process (c’) is to 
be expected from the results of Hess (Joc. cit.). 

The fact that dimethylpentamethylenetetramine derivatives do not arise can be correlated 
with the probable properties of the methylhydroxymethylpentamethylenetetramine derivative 
produced after process (¢) [or (c’) and (c’’)}; this might well undergo irreversible ring closure * 
by process (d), in preference to further reduction to a dimethylpentamethylenetetramine 
derivative. 

In connection with the later stages of this scheme it is of considerable interest that the 
primary crude product of the action of water on hexamine dinitrate is a water-soluble material 
giving a strongly acid solution and very similar to, indeed probably identical with, the hexamine 
nitrate methonitrate, m. p. 150°, prepared by workers in the University of Pennsylvania 
(private communication from Professor Marvin Carmack). The relative instability of this 


* The ring closure (4) is likely to be irreversible because in the product N,, is constrained to the 
quaternary tetra-alkylammonium state and N-C bonds are stronger than N-C bonds. 


+ cn, + 
| 
‘ / (Some molecules, at least, must undergo 
Lo, { extensive hydrolytic degradation.) 
| 
reduc tom 
flo, (4 fo, (38 | 
q CH, CH, 
Ko, Py cH, Sule cH, #4] “ ] 
Ne 


as yellow-orange 
mp (yal 80%) (Found : 


(4 
ry hour and thea | 


(3 g.) was added with stirring at 0° during 4 minutes to mitric » 
tetroxide (9 g.). The feactom mistare was warved at 0" fora further 


methylamine and formaldehyde, 


methyl al 

Carruthers reports m. 


alcohol, and ether, and dried, p. %). 
process Uni technique, authentic hexamine 
rochloride (1 g.) were heated at 50° in a mixture of acetic acid (25 
00 mal. for 45 minutes. The solution was cooled and excess of saturated 
icri resulting crystalline precipitate, win wt nae 
and ether, and dried, had m. p. 195—196" 4¢.). A similar experiment with Knudsen's base 
gave an identical result. 
A further the crude mixture of Knudsen's base 
and methylamine h , together with acetic and acetic anhydride at 50°. The addition 
ted the desired dipicrate, 
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substance and its tendency to lose nitric acid, giving hexamine methonitrate, fits in with the 
difficulty with which the hexamine molecule retains a double positive ionic charge. 

The possibility that hexamine methonitrate arises (a), 
followed by the methylation of some of the ammonia to ylamine and resynthesis of the 
hexamine cage from formaldehyde and base incorporating the methylamine, rather than by direct 
methylation of pre-formed hexamine, is not ruled out by the experimental observations; indeed 
the later stages of some such process must occur in our preparation of hexamine methohydroxide 
from formaldehyde, ammonia, and methylamine, Knudsen’s alternative preparation of his base 
from hexamine and methylammonium nitrate, and in the production of the dimethylhexamine 
cage by the Bristol and McGill reactions. 

EXPERIMENTAL. 
(For additional analyses, see table, p. 1692). 

1-Nutrate.—Authentic hexamine methonitrate was 
treated with nitric Cs Hexamine metho- 
nitrate (10 g.) was added gradually with stirring to nitric acid (60 mi. of 98%) at —10°. The stirring 
was continued for § hour, and the reaction mixture was then poured on crushed ice (500 g.). The 

: 7-Din - pentamethylenctetvamine 
in water (in which it only sparingly soluble), and saturated was The 

(b) im (40 ml of 08%) the 
mixture was kept gradually, with stirring, into ice-water (200 ml.). 
The product had 

(¢) Knudsen's base pic rate was treated with nitric acid as in (b) with identical results. 

d 
n on 
and ammonium 
25° On 
imitrate was precipitated. Purited ‘by 
methy! alcohol, this had m. p. 
te was dissolved in water and immediately 


Connell, Hainsworth, Hirst, and Jones : 


343. Grapefruit and Lemon Gums. Part I. The Ratio of Sugars present 
in the Guma and the Structure of the Aldobionic Acid (4-p-Glucuronosido- 


p-galactose) isolated by Graded Hydrolysis of the Polysaccharides. 
By J. J. (Miss) Ruta M. Hameswortn, E. L. Hinst, and J. K. N. Jones. 


The gums isolated from the fy ot 

The reactions between gums and the periodate ioa have 
concerning structure. On hydrolysis the ogee glee b 
onoside-D-galactose, since after methy 2: 
D-glucuronic acid and 2° 3: 6-trimethy! p-galactose. 
present. 


Pian GUM» hitherto examined have been found to contain residues of b-galactose and a uronic 


well other sugar sesiducs such as D-xylopysances, 
pyranose. In 1936 Anderson, Russell, Biol. Chem., 
described a sample of lemon gum which contained L-arabinose, p-galactose and p-glucuronic 
acid only. It appeared possible, therefore, that the structure of this gum might be relatively 
simple, in contrast with the complex nature of polysaccharides such as gum arabic, damson gum, 
and egg plum gum. It was decided, therefore, to investigate, in greate: detail, the structure of 
lemon gum and of grapefruit gum. Through the kindness of Dr. Misener of Toronto and of 
Profesor E. T. Bartholomew of the Agricultural Experimental Station, The University of 
California, we were able to obtain samples of known origin and previous history. The gums were 
supplied to us in the form of pale yellow, brittle solids possessing a characteristic aromatic smell. 
By dissolution in water followed by precipitation with acidified alcohol they were obtained as 
white, ash-free, water-soluble, acidic powders. The samples of grapefruit gum were character- 
ised by their optical rotation ({a), ca. +56") and equivalent weight (ca. 500), whilst the lemon 
gum had a lower rotation ([«), ca. + 20°) and a higher equivalent weight (ca. 790). These 
values were characteristic for the gums and independent of the place in which the tree was 
growing. It would appear from these and other results (cf. Hirst, /., 1942, 70) that the gum 
produced by a fruit tree is specific to the type of tree. 
The pentose residues in both grapefruit and lemon gum are present in the furanose form 
since they undergo hydrolysis under very mild acid conditions. Further hydrolysis of the 
with dilute acid (0°1N.) results in the formation of p-galactose and an aldobionic 


OR 


more concentrated acid. Methylation of the aldobionic acid gives an octamethy! derivative 
(L; R « Me) which on hydrolysis yields (a) 2 : 3 : 4-trimethyl p-glucuronic acid (II), identified 
after oxidation and esterification as the methyl ester of 2: 3; 4-trimethyl p-saccharopyrano- 
lactone (III), and (6) ?: 3: 6-trimethyl p-galactose (IV), ientified after oxidation as the 
crystalline 2: 3: 6-trimethyl p-galactofuranolactone (V). The aldobionic acid is, therefore, 
either (V1) in which a p-galactofuranose residue is linked through C,,,, or (I; R < H) in which a 
p-galactopyranose residue is linked through C,. The rotation of the aldobionic acid favours 
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the pyranose structure which is moreover in accord with the general occurrence of galacto- 
pyranose residues in plant gums. The yield of this aldobionic acid was poor and the presence of 
other aldobionic acid residues in the gum cannot yet be definitely excluded. 

Information on the structure of grapefruit gum and lemon gum was obtained from a study of 
their reactions with periodate. The yield of formic acid obtained by oxidation of a non-reducing 


pyranose 

gives 0°5 mole of formic acid per equivalent, 

grapefruit gum contains a repeating unit of 1190 (equivalent weight, 590) or multiples of 1180, 
whilst that of lemon gum is 790 or a multiple of this number. The uptake of periodate during 
the reaction shows that several sugar residues are oxidised. For instance, with grapefruit 
gum the consumption of periodate is 4 moles per repeating unit of 1180. Now the formation of 
1 mole of formic acid requires two moles of periodate and therefore two sugar residues other than 
the one which yields formic acid are oxidised during the reaction. Lemon gum on the other 
hand consumes 3°2 moles of periodate per molecule of 790, and in this case one sugar residue 
other than the one giving formic acid must be oxidised. The results now recorded show that in 
both lemon gum and grapefruit gum, L-arabinose residues occur which are not oxidised by the 
periodate ion and must, therefore, be substituted on C,,, or C,,. Grapefruit gum would appear, 
therefore, to be built on lines as complicated as those of other plant gums. 

residues which are not attacked by the periodate ion and therefore possess no contiguous 
hydroxyl groups. It follows that | : 3-linked galactose residues such as are encountered it 
damson, , and egg plum gum, and in gum arabic, occur also in grapefruit and lemon gum. 


EXPERIMENTAL. 


Bartholomew ‘eatin 

of The Agricultural Experimental Station, ol 
i in water giving viscous light brown solutions, from which they were 

precipitated by the addition of alcohol or acetone. The purified ash-free materials were propasse 
jal acetic acid. The tered off, 
ms were 
colourless 


titration with 0-1~-sodium hydroxide varied in for 
These values are so close to one another that it is 
considered samples are os identical in their physical (Found : furfuraldeh 
after boiling of the gum with 12% hydrochloric acid, 16-6; uronic anhydride, 31:3; OMe, 52%) 
ysaccharide on oxidation with nitric acid (d 1-2) gave mucic acid in yield equivalent to the presence 
it, since no methylfurfuraldehyde was 


Examination of the mixture of neutral 
galactose and arabinose only 


(Found : 
acid, 16-6; uronic acid anhydride, 31-3%). 
furturaldehyde 


idues, the amount of galactose residues in the gum is (by difference) 


Grapefruit sam The potassium salt 
solution (2 c.c. ; 


to the formation 


uivalents ( experiment the amount of 
by the 


non-reducing solutions. Aj of copper salts, calcium salts, or silver salts to solutions of the neutral 
sodium salt of grapefruit [ & the insoluble blue copper, or insoluble white calcium or silver salt. 
The acidic, ash-free gum regenerated by treatment of the salts with alcohol containing hydro- 
chioric acid. Lemon gum also gave an insoluble copper salt. 
Grapefruit Gum.- oom ples of this gum had been obtained from trees growing in California and from 
one tree growing in Florida. All the ~ imens had similar 7 and this - also to 7 
the sugars obtained on hydrolysis of the gum 
hod of Wicolet and Shina, J. Amer. Chem. Ses., 
chromatogram showed the of , 
of the sugars with 12% hydrochlorie 
his percentage of uronic anhydride would yield 6.0% of 
% arise from arabinose. This corresponds to the presence 
ures for arabinose and uronic acid res 
"7%. 
Peiodate Oxidation of { the gum (45-4 mg.) in water 
(8 c.c.) was oxidised with 0-25.) during 7 days. Excess 
of sodium periodate was t lycol, and the formic acid was 
lof 1 mole of formic acid per two 
periodate reduced to iodate in 
mand: 1-71 c.c. of u/10-sodium 
periodate, equivalent to 2 moles of sodium per te reduced per g. of the ash-free gum) 
(6) The ya salt of the gum (0-423 g-) was oxidised with sodium periodate solution (5 c.c.; 
0-25m.) for 3 days. (Preliminary experiments had shown that ox 
free iodate ions. The solution was evaporated to fFeeee 
the residual oxidised polysaccharide dried to constant weight (Found 


Connell, Hainsworth, Hirst, and Jones : 


was hydrolysed as 100° with acid for 3 hours. The cooled 
with banam ene ant ee i the filtrate evaporated to a syrup. 
Separation on the paper chromatogram sb ond giinston. 

550 «.c.) at 90", the acidity of the solution being sufficient to bring of the 

(76 hours) . (12 hours); +61° (19 (31 hours); +66° 
; +66" (43 hours); +68° (53 hours). A much slower ere oceeded beyond this stage. 
by Baker and Hulton’s method (Biochem. /., 1920, 14, 754): (im ¢.c. ie-iniodina cake for 1 g. of 
gum), (initial); 56 (1 hour); 11-0 (3-2 hours); 16 5(7-6 hours); 22-0 (12 hours); 262 
9 hours); 33-0 (31 hours); 37-8 (39 hours); 38-4 (43 hours); 40-0 (53 hours). The cooled solution 
was concentrated, at 40° /12 mm., to 200 ¢.c. and red into alcohol; it then gave an alcohol-insoluble 
ae et | (51g) which was washed wit alcohol and dried. 
from (A) still contained some acidic material; it was, therefore, evaporated to a syrup at 
0° /12 mm., diluted with water, neutralised with barium carbonate, and filtered, and the filtrate poured 
into alcohol. The precipitated matena! ©) ) (B) apparently the barium salt of polysaccharide 
(A) which had escaped ipitation. It was off, washed, and dried. The filtrate from (3) was 
to a syrup 3g.) which was dissolved in (30 ¢.c.). An iodine titration at this stage 
ted the by as pentose; 33 calc. as hexose). A 
furfuraidehyde determination showed of 1-2 g. of pentose, and this was shown to be 
L-arabinose since quantitative determination with 4h with diphenylhydrazine indicated the e of 1-2 g. of 
tL-arabinose. This value corresponds to the presence in the polysaccharide of some 7% of arabinose, calc. 
a C,H,O, Oxidation of a portion of the syrup with nitric acid ( (d 1-2) showed the nc 
imately 1-4 g. of galactose. A mixture of 1-2 g. of L-arabinose ae 8 g. of tose 
(a)? + 90° and would reduce 360 c.c. of w/10- (Found: +87°; 368 c.c. of w/10-iodine). 
the chromatogram ne other than arabinose and tose could be detected. 

Eixnimction of barvem salt This materia] was isolated as a white powder, easily soluble in water 
to yield a pale yellow solution, oa had (a)? +73° (c, 2-08 in water). The salt reduced Fehling’s solution 
on boiling and reduced alkaline iodine solution (1 g. reduced 27-5 c.c. of O-Im-iodine). On heating with 
12% hydrochloric acid, carbon dioxide equivalent to the presence of 36% of uronic anhydride, and furfur- 

yde (14-4%) were evolved. The salt contained barium (13-4%) and methoxy! (93%, a partly 
sugar acid may have been present). 

The barium vay od (6 g.) was dissolved in » “sulphuric acid (100 c.c.) and heated at 95° for 4 hours, the 
following changes observed : (a) (initial value); 484° (30 minutes); + 88° (70 minutes) ; 
$80" (6 Bours: (>) todine titre, in c.c. of O-In-iodine per gram of bariam salt, 25 
(initial value) ; 36 (90 minutes) ; (70 ee 50 (2-6 hours); 52 (4hours). The cooled solution was 
neutralised with barium pon = Bw and and the filtrate concentrated to a solid (OMe, 3-1%), 
which was extracted with alcohol. On concentration the extracts (3-5 g.) gave D-galactose, m. p. | 
lel +77", 4 consisting of b- tose, admixed with a smal (ca. O1 g.) of 

bartum salt appeared to be identical with the barium salt isolated after hydrolysis 
(A) (see below). 

Polysaccharide (A). This material was a pale bufl-coloured powder, easily soluble in water to give a 
solution which was acidic, reduced Fehling’s solution slightly on boiling, had (a)? +25° (in water) 
(Pound : ash, 0-3; OMe, 2-7 furfuraldehyde with 12% hydrochloric acid), 8-1; uronic 
anhydride (from the weight carbon dio ved in boiling with 12% hydrochloric acid), 37-7% ; 
equiv. (by titration with 0-1n-sodium hydromide). 890 D-Galactose was mt since mucic acid was 
formed 


on oxidation of a portion of the with nitric acid (d 1-2). The polysaccharide 


(4g) was hydrolysed with n-sulphuric ac c.c.) for 5 hours ([a)p not observable owing to cortege | 
of the solution}. The cooled solution was by titration with 0-33n-barium 


filtered, and the filtrate concentrated ina vacuum. The residue was exhaustively with methyl 
alcoho! and the extracts were concentrated under reduced pressure to a (1-8 
— The crystalline sugar (1-6 g.), separated by trituration wi 

m. p. D-galactose, 166", residual barium salt aly +78° in rer (Found : 8. 
Cale. rium salt of an aldobionic acid: Ba, 16-0 This barium salt was very resistant to 
h JA, but was hydrolysed. with much decomposition, y 2Nx-sulphuric acid. Owing to darkening 

the solution it was not possible to observe the change in optical rotation. The sugar, isolated from 
the hydrolysate in the usual manner, was identified as D-galactose, m. p. and mixed m. p. 164", 
(a)? +81° (in water, equilibrium value) 

It was possible to isolate the barium salt of the aldobionic acid in good yield ee 
SS The gum (7-2 g.; ash-free) was dissolved in 0-1n-sulphuric acid (50 c.c.), and t tion 

on the boiling water-bath for 20 hours. The cooled solution was neutralised with barium 
carbonate and filtered aad the filtrate concentrated under reduced pressure to a syrup which was poured 
into alcohol. The insoluble barium salt of the aldobionic acid was collected, with alcohol, and 
dried (yield. 4g). The alcoholic filtrate was concentrated and a portion examined on a paper chromato- 
gram which showed the ¢ of galactose together with a trace of arabinose. 

Methylation o — acid, The barium salt (4 g.) was dissolved in water (10 c.c.), and methy! 
sulphate (25 c.c.) was added. Sodium hydroxide (50 c.c.; 40%) was added drop-wise during 12 hours, 
the ectution then not reducing Fehbling’s solution. The reaction mixture was concentrated to a small 
volume and re-methylated by ao residue in sodium hydroxide (100 c.c.; 40%) and adding 
methy! sulphate (70 c.c.) d fter 24 hours’ stirring the solution was concentrated on the 
steam-bath, cooled, and acid with sulphuric acid, and the methylated aldobionic acid extracted 
with chloroform (six times). The extracts were dried and filtered and the solvents removed under reduced 
pressure. The residual syrup was dissolved in methy! iodide and methylated by the portion-wise addition 
of silver oxide The prodect aff 1678) (Found OMe, 51-98%) was isolated, in the usual manner, 
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The ted -sulph' acid cc.) 
was t N uric 

sugar was by exhaustive continuous extrac with chloroform. 

OMe, 41-8%). Gn with water the manner 

b. p. 140°/1 mm., super-tused solid), 

atte reerytalization fromm being value), —40 


211; Cale. for C,H,,0, 


-trimethy' 
0-8. Cale. for 


yl 3: 4-trimethyl p-mucate. 
5 P Athora-infected 


dium salt in water) between +19 5° to (cf. and 
»chloric acid, the yield of carbon dioxide after boiling with 12 


of furfuraldehyde and, therefore, 
tose (calc. as 


-bath for 3 hours. The cooled solution was neutralised with 
tina of the supernatant liquid were separated on the 

by the copper reagent (Found : 0-222 mg. of rhamnose ; 

0-104 mg. of galactose). 00 thie 

residues and of 38-6% of galactose residues (Calc. as Colt sO. | 

resistant core (40-2%) of s residues (Calc. for one aldobionic 

acid ue) per equivalent of polysaccharide, 42- 

Oxidation of Lemon Gum with Potassium Periodate. tas The neutral 
polysaccharide (42-8 mg.) in water (10 c.c.) containing 

sodium periodate (0-2 c.c.; 0-25m.) for 160 hours. Ethylene gly ye 

determined by titration (Found : 2-48 mg., equivalent to the al 

(775) of the 

The potassium salt of the gum {4d mg.) was oxidised with bodiam (0-2 c.c.; 
up to 10 c.c. with water containing potassium chloride (0-3 g.), for 150 hours. At the end of this 
time the consumption of pestedate wee (Found: 1-66 c.c. of «/10-solution, equivalent to a 
consumption of 3-2 moles of periodate per oupraen of ash-free polysaccharide of equiv. wt. 775). 
Examination of the Material obtawned by the O. of Lemon Gum with Potassium Periodate —The 
gum (0- fo nr with potassium periodate (0-75 g.) for 150 hours as described above. The 
col and the solution was dialysed against 
running water until free from inorganic ions. ness and the 
slid was dried to constant weight, (16 mg). ‘The oxidised pl polysaccharide was hb 

w-sulphuric acid on the steam-bath 4 hours. 

the only sugars detected. 


(39 c.c.), and the solution changes being 

i 3 hour) +42" hours); (2 rs), (4 hours) 

; +64° (6 hours); * (9 hours); +78° (11 hours); +89°(20hours). A sugar determination 
3-4 g. of reducing sugar, calculated as hexose. At this stage, a 
caly presents galactose and arabinose were the 


ido-p-galact The mixture of red 
and sodium hydroxide 25 c.c.; 


chloroform to remove methylated 
uric acid and the extraction continued. 


ving fractions 


/ the uronic acid residue (0-45 g.) isolated by further continuous extraction. The product was 
oxidised with bromine water, and the resultant saccharic acid derivative isolated in the usual manner. 
This materia! was boiled with methanolic hydrogen chioride, and the resultant ester was isolated. On 
distillation the methyl] ester of olactone was obtained, having b. p. 140°/0-1 
mm., «ff 1-4570 (Found : 00 OMe, 50-0%). This material crystallised ; 
when kept. Kecrystallised ot 

specimen but depressed to 80-——85° on admixture with dimeth P 
Lemon Gum.—Several samples of lemon gum were exa 

Eureka lemon tree growing on sour orange root-stock and others from lemon trees infected wit known 
936 

The amount of uronic anhydride found would give rise to 5-0% 

16-6 — 5-0 = 11-6% arises from arabinose. This corresponds to the 

calc. as C,H,O,), in the molecule. The difference, ca. 55%, is. theref 

with methyl sulphate (25 drop-wise with vigorous 
stirring at 25° until the t this stage an excess of 
sodium c.c.; was added and the methylation continued by the portion-wise addition 
of methy ——e (40 c.c.). After completion of the addition the solution was heated to 60°, cooled, and 
acid with dilute sulph Concentration of the acidic extracts 
left a syrup ( ylated with silver oxide and methyl iodide (twice) and distilled 
fractional! b. OMe, 582%), and II (1-1 g.), 
b. p. 190°/ OMe, 51-1%). 

Fraction II (0-94 g.) was hydrolysed by boiling a solution of it in x-sulphuric acid (20 c.c.). The 
optical rotation was not observable owing to the opalescence of the solution. After 20 hours the solution 
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containing 2 3. 6-trimethy! p-galactose and leaving an aqueous solution contaming the barium salt of 

2:3: 4trimethy! o-giacuronic acid. 8:8 3: (08 hee of 1-710, (ol 
+78 in water (Pound 0-6. OMe, 41-6 On oxidation with bromine 


» p- 


specimen. The 
ucuronate was ecidifed with sulphuric acid, and the 3: 
+", in water) isolated by cont extraction with chloroform. 
tihed after oxidation with b water, foll cstaridication, on the 
yl p-sacc tone, m. p. and mixed m. p. 110°. 


thank the Department of Scientific and Industria) Research for a maintenance allowance 
awarded to one of them (J. J. C.) and Imperial Chemical Industries Limited for a grant. 
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WA. Substituted Anthracene Derivatives. Part I. cis- and 
trans-9 : 10-Dimethyl-9 : 10-dihydroanthracene. 
By G,. M. Bapcer, (Miss) M. L. Jowgs, and R. S. Pearce. 
® : 10-Dimethyl-9 : 10-dihydroanthracene (II) has been shown to exist in cis- and trans-forms. 


At least five erroneous descriptions of 9: 10-dimethyl-9 : 10-dihydroanthracene (I) have 
appeared in the literature. For example, Angelbis and Anschiitz (Ber., 1884, 17, 165) claimed 
to have obtained the hydrocarbon by interaction of ethylidene chloride and benzene in the 

of aluminium chloride. Somewhat similar preparations have been described by 
Anschiitz (Annalen, 1886, 235, 299), by Bieseken and Bastet (Ree. Trav. chim., 1913, 32, 184), 
by Cook and Chambers (/. Amer. Chem. Soc., 1921, 48, 334), and by Davidson and Lowy (/. 
Amer. Chem. Soc., 1929, 61, 2978). However, in a paper describing the preparation of 9 : 10- 
dimethylanthracene (II), Barnett and Matthews (Ber., 1926, 59, 1429; cf. Friedel and Crafts, 
Bull, Soc, chim., 1884, 41, 322; Anschtitz and Romig, Ber., 1885, 18, 662) pointed out that the 
compound isolated by Anschiitz and others could not be the dihydride as its properties (the 
relatively high melting point of 181°, the yellow colour, and the formation of a picrate) are those 
associated with a completely aromatic structure. They described Anschiitz's hydrocarbon as 
9: 10-dimethylanthracene (II) and attributed its formation to the dehydrogenating action of 


Me H 


Me 


Me “Me 
il) ab) 

Authentic 9 : 10-dimethyl-9 : 10-dihydroanthracene (I) was first prepared by Badger, 
Goulden, and Warren (/., 1041, 18) by the action of methyl iodide on the 9 : 10-disodio-addition 
product with anthracene. This compound, unlike that of Anschiitz, had m. p. 101—102° and 
was readily dehydrogenated with sulphur. In Egloff’s compilation ( Physical Constants of 
Hydrocarbons,” Vol. 4, 1047), this work has been overlooked, Anschtitz's hydrocarbon still 
being listed as 9: 10-dimethy!-9 : 10-dihydroanthracene. 

The work of Badger, Goulden, and Warren also appears to have been overlooked by Sisido 
and Isida (J. Amer. Chem. Soc., 1948, 70, 1289) who recently prepared a new 9 : 10-dimethy!l- 
: 10-dihydroanthracene, p. 130°, by reduction of 9: 10-dimethylanthracene with sodium 
and alcohol, This was very readily dehydrogenated to (I1), even by treatment with aluminium 
chloride at room temperature. It seemed likely that the two dihydrides are cis-trans-isomers 
and, in order to clarify the position, the preparation of 9 : 10-dimethyl-9 : 10-dihydroanthracene 
has been re-investigated. 

First, the preparation of the lower-melting dihydride by the above method was confirmed. 
This product was colourless, did not fluoresce in ultra-violet light, and did not form a picrate. 
Its dehydrogenation with sulphur to 9: 10-dimethylanthracene was also confirmed, but it was 


ether), not depressed 
2:3 ‘-trimethy! 
acid (off 14700, 
acid (0-34 g.) was ide 
ester of 2: 3: 4-trime 
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not dehydrogenated with aluminium chloride at room temperature. There seems no reason 
to doubt that this product is 9: 10-dimethyl-9 : 10-dihydroanthracene, and its ultra-violet 

spectrum (see Fig. 1) is consistent with this conclusion. Sisido and Isida’s prepar- 
ation of the higher-melting dihydride and the behaviour with aluminium chloride have also been 
confirmed. In our hands, however, this method gave a mixture from which both dihydrides 
were isolated. The higher-melting dihydride was also colourless, non-fluorescent, and did not 
form a picrate. The ultra-violet absorption spectrum (Fig. 2) of this dihydride is also consistent 
with its formulation as 9; 10-dimethyl-9 : 10-dihydroantihracene. 

There can be little doubt that the two dimethyl dihydrides discussed in this paper 
are cis-trans-isomers. The lower-melting form is provisionally regarded as the cis-compound. 
Incidenally, its less ready dehydrogenation indicates that the preparation of 9: 10-dimethyl- 
anthracene by the methods of Anschiitz and others proceeds via the higher-melting (irans)- 
dihydride. 

Fis. 1. Fra. 2. 
alcohol. alcohol. 
40 


—+- 


20 
ALA. 


acene. at 2520 (3-33), 2640 (3-10), 2710 a 
0-Dimethyl-9 : 10-dihydroanthracene, m. p. 101—102°, Maxima at 2680 
2640 (2-99), 27a. (3-01). 
0- Dimethyl-9 10-dihydroanthracene,\m. asxima (2-87), 
Sete (2°01). 2710 a. (3-02). 

A few cis-trans-isomers of this type have been reported previously. For example, Barnett, 
Cook, and Matthews (Rec. Trav. chim., 1925, 44, 728) described the isomeric | : 5-dichloro-9 : 10- 
dihydroxy-9 : 10-dihydroanthracenes, and dipole moment measurements confirmed the 

assigned to them (Bergmann and Weizmann, J. Amer. Chem. Soc., 1938, 60, 1801). 

If the configurations of the dimethyl! dihydrides are correctly assigned, addition of sodium to 

anthracene is a pure cis-reaction, as is the addition of chlorine to 1 : 5-dichloro- and 9: 10- 

In the case of | : 8-dichloroanthracene, however, addition of chlorine is 
a trans-reaction, for the dipole moment of the dichloride is smaller than that of the parent 
compound (Bergmann and Weizmann, loc. cit.). 

The disodio- and dilithio-derivatives of anthracene hydrocarbons are usually very different 
in colour, and Bachmann and Pence (J. Amer. Chem. Soc., 1937, 59, 2339) made the interesting 

that this might be associated with cis-addition in one case, and trans- in the other. 
We therefore investigated the reduction of 9: 10-dimethylanthracene by first forming the 
9 : 10-disodio-(or lithio-jaddition product, at room temperature, followed by treatment with 
methanol (cf. Bachmann and Pence, Joc. cit.). In both cases, however, a mixture of the two 
dihydrides was formed, and in this instance, therefore, the hypothesis is incorrect. Treatment 


\ 
| 
il 
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sodium ethoxide sometimes brings about stereochemical inversion (¢.¢., at centres adjacent 
an enolisable group; cf. Linstead and Doering, /. Amer. Chem. Soc., 1942, 64, 1991), but 


violet absorption curves of the two dimethyl dibydrides, compared with that of 
: 10-dihydroanthracene, are given in the accompanying Figures. The absorption curves of 
almost identical, except that the lower-melting isomer has an absorption 

t, 2°02 at 2340 a., while the corresponding minimum of the higher 
2°35 at 2400 a. The minimum in the curve for 9; 10-dihydroanthracene is log cy 


have 
and 


802) in dioxan (350 c.c.) was 
vent and crystallisation from alcohol 


by method of Badger, Goulden, and 
101.102" (from alcohol). It was not fluorescent 
is irradiation in thin layers. 
trana( ?)-0: 10. Dimethyl-9 : 10-dshydroanthracene -— was more 
Sy one (/ Amer The Soe., ols. 70, 1289). Toa suspension of 
Tg.) in alcohal (69 <.c.), sodium was added in small jons until 
uorescent in i 


colourless solution was diluted with a large volume of water. After some time, the precipi- 
ted and fractionally recrystallised from alcohol. The Prectangulat Plates, tm. p 
9 : 10-dimethyl-9 10-dihydroanthracene, which formed colour' rect 
From the liquors of the first recrystallisation a little of the lower-me 

isolated ; after recrystallisation, it formed colourless blades (50 mg.), m. p. and waned m. ol’. The 

relative proportions of the two isomers varied considerably with the experimental conditions. 
Reduction of yoy via Alhali-metal Addition solution of dimethyl- 


violet addition complex with 9. 10-dimethylanthracene which, after interaction 
a similar mixture of the two dih 
of Chioride on the Dihydrides.—(a) A solution of the dihydride, m. p. 101° (0-5 g.) 
in benzene (5 c.c.) was treated with aluminium chioride (2 g.). After 2 hours, the mixture was 
into water, and the organic layer evaporated. The dib , . p. 100°, was recovered 
quantitatively. 
Ce m. p. 130°, yielded 9; 10-d hylanthracene, m. p. 
178°, alone or mixed with an authentic specimen 
Ulira-violet Absorption Spectra.— The curves were determined with a Beckman D U Spectrophotometer, 
using a constant spectral band width of 10 a. We are pabatal to the Director of Chemistry, South 
Australian Government Department of Chemistry (S. D. Shield, Esq.), for permission to use the 
spec trophotometer 
University or Giascow. 
Jounson Lasoraronies, University of Apetaipe. (Received, February 6th, 1950.) 


345. Quantitative Analysis of Mixtures of Sugars by the Method of 
Partition Chromatography. Part V. Improved Methods for the 
Separation and Detection of the Sugars and their Methylated Deriv- 
atives on the Paper Chromatogram. 

By L. Hoven, J. K. N. Jongs, and W. H. Wapman. 
reagents such as p-anisidine b 


detection and identification on the 
and identification of the sugars and their 


Partition chromatography has found general application in carbohydrate studies as a means 
of separating mixtures of reducing sugars, sugar alcohols, methylated sugars, and uronic acids 


1702 
it does not do so in the present case, for the lower-melting dihydride was recovered unchanged 
after 2 hours’ boiling with a concentrated solution of sodium ethoxide. 
2°66 at 2320 a. 
EXPERIMENTAL. 
already (s.g., Bachmann and Chemerda, /. Org. Chem., 1939, 4 583; Badger, Goulden 
Warren, loc. cit,). hs following method has also been found : 
10-Bischloromethylanthracene (2 g.; Badger and Ca 
‘ hydrogenated over 30% palladised asbestos (0-25 g Remova 
gay 
Wa 
in 
tha J 
f 
sodium (1 g.) and chips of broken glass for 36 hours. The intense deep-biue colour of the disodio- 
derivative was discharged by the gradual addition of methanol, the glass and unc sodium were 
filtered off, and the solvent was evaporated. Fractional crystallisation of the uct gave small 
P amounts of the frans-, m. p. 130", and the cis-dihydride, m. p. 101°. Both compounds were identified 
mixed m. p 
q 
atives are discussed | 
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and their methylated derivatives. As a general method for the detection of 
the paper Partndge 


reagent was later extended to the detection on the paper 

(Hirst, Hough, and Jones, /., 1049, 928), polyhydric alcohols, and methy! glycosides of simple 
sugars (Hough, Nature, 19560, 165,400). Various specific spray reagents have been developed for 
the detection of individual classes of unsubstituted sugars. Their use depends on the formation 
of furfuraldehyde or a degradation product of furfuraldehyde by the action of an acid upon the 
sugar, and its subsequent reaction with an aromatic amine or phenol to give a coloured compound 
(cf. McGowan, J., 1949, 777). For example, naphtharesorcinol and hydrochloric acid (Forsyth, 
Nature, 1948, 161, 239), and naphth cinol and trichloroacetic acid (Partridge, Joc. cit.) have 
been utilised as selective spray reagents for the detection of raffinose, sucrose, and the keto- 
hexoses, Chargaff, Levine, and Green (J. Biol. Chem., 1048, 176, 67) have used a solution of 
m-phenylenediamine dihydrochloride in 76% alcohol for the detection of the unsubstituted 
sugars, which give rise to coloured spots possessing a marked fluorescence in the ultra-violet 
light. Similarly Partridge (Nature, 1949, 164, 443) records that with aniline phthalate in 
butanol the pentoses give a characteristic red colour, and that aldohexoses, methylaldopentoses, 
and hexuronic acids are readily detected as brown spots, ketohexoses giving little or no colour. 
We find that the methylated derivatives of aldohexoses, pentoses, ketohexoses, and uronic 
acids give excellent colours with aniline phthalate, trichloroacetate, or phosphate, as little as 
1—5 yg. being detectable. Octoses and heptoses also yield brown colours. Partly methylated 
aldohexoses give rise to brown colours, sometimes with a tint of red, fully methylated aldohexoses 
giving a characteristic maroon colour. On the other hand, methylated aldopentoses give cherry- 
red colours. Methylated uronic acids give crimson-red colours of such high brilliance that they 
are readily distinguished. The rapid rate of formation of colour from methylated uronic acid 
derivatives indicates that they are easily degraded to furfuraldehyde. Methylated ketoses give 
green colours. The aniline salt reagent possesses many advantages over the ammoniacal silver 
reagent for the detection of the methylated sugars. It is equally, if not more, sensitive, giving 
characteristically coloured spots on a white background, which are stable for some considerable 
time. A large number of acidic spray reagents containing a variety of phenols and aromatic 
amines has been examined in order to find a universal reagent which will yield a specific colour 
with each particular class of sugar or methylated sugar. In this respect we find that solution of 
p-anisidine hydrochloride in »-butanol is very satisfactory, since with it aldohexoses give rise 
to a green-brown colour, ketohexoses a brilliant lemon-yellow colour, methyl aldopentoses an 
emerald-green colour, and uronic acids a cherry-red colour. Methylated aldohexoses furnish 
brown colours, sometimes with a tint of red, whereas methylated aldopentose derivatives give 
intense red colours. 2-Deoxyaldoses give pale-brown colours which appear as characteristic 
tn The intensity of the coloured spots obtained with 
the reagent was considerably enhanced in ultra-violet light, thus providing a very sensitive 
means of detection. Diphenylamine trichloroacetate also serves to distinguish aldohexoses 
from aldopentoses, yielding with the former a brown and with the latter a purple colour. 
Furthermore, 2:3: 4-trimethyl and 2: 4-dimethyl xylose are readily distinguished from 
2:3: 5-trimethyl and 2: 3-dimethy! arabinose since they respectively form an intense purple 
and a grey or faint purple colour. Methylated fructose derivatives yield a green colour with this 
reagent. Dimethylaniline is of little value for the detection of the simple sugars, but in 
results were obtained with the more fully methylated sugars. In this case, 2: 3: 5-trimethyl 
and 2: 3-dimethyl arabinose gave an intense purple colour, whereas 2:3: 4-trimethyl and 
2: 4-dimethy! xylose gave a light-brown colour. Characterisation of methylated arabofuranose 
derivatives and methylated xylopyranose derivatives on the paper chromatogram is therefore 
facilitated by the use of acidic sprays of dimethylaniline and diphenylamine. Methylated 
aldohexoses possessing free hydroxyl groups on C,,, of the sugar molecules, such as 2: 3: 5: 6- 
tetramethyl, 2 : 3: 6-trimethyl, and 2 : 3-dimethyl glucose also gave purple colours with dimethyl- 
aniline, whereas the other methylated aldohexoses gave little or no colour. Methylated fructose 


since aldohexoses and 


nitrate (Biochem. 
GIVING rise LO Gimrete Drown-Diack spots. Use of this 
derivatives also gave purple colours. 

a-Naphthylamine trichloroacetate is yet another general spray reagent, 
their partly methylated derivatives give a brown, fully methylated aldohexoses a red, ketohexoses 
a yellow, and aldopentoses a green colour. Once more a distinction between the methylated 
arabinoses and methylated xyloses was noted, since the latter gave intense green colours, 

whereas the former gave faint green colours; the colours appear purple in ultra-violet light. 
Solutions of orcinol or resorcinol in butanol containing a little hydrochloric acid serve as 

\ 
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yield red colours. Solutions of urea hydrochloride or anthraquinone and hydrochloric acid 
serve a similar purpose since the ketoses and their methylated derivatives yield intense brown- 
black spots whereas the other sugars yield little or no colour. 
la general, the colours obtained with the acidic spray reagents described above improve 
when kept in a moist atmosphere for a short time or when the paper chromatograms are wetted. 
The brilliance and the definition of the coloured spots is considerably improved in ultra-violet 
light, and in some cases a change in colour is noted. The paper chromatograms may be washed 
with water, dried in a current of warm air, and preserved, but the colours fade somewhat. In 
practice, it is preferable to run sugars of known constitution alongside “ unknowns” on the 
paper chromatogram, and to compare the rate of movement and the colours obtained with the 


™ * by partition chromatography on a column of cellulose 
1949, 2511) and identify the sugar by measurement of physical 
constants and the formation of characteristic derivatives. Methylglycosides of the simple sugars 
may be detected by the use of the ammoniacal silver nitrate spray reagent (Hough, Nature, loc. 
ott.), which will detect as little as 5 yg. of the sugar glycoside. Methyiglycosides may also be 
detected by the acidic sprays described above, but, in general, the reaction is rather weak and 
not a8 sensitive as the silver nitrate reagent. Polyhydric alcohols, which react with the 
ammoniaca! silver nitrate reagent, do not give colours with the above acidic spray reagents and 
may therefore be distinguished. Colorimetric methods for the quantitative determination of 
sugars and, in particular, of their methylated derivatives, after separation on paper chromato- 
publication (with Mr. B. Clist). 

Jermyn and Isherwood (Biochem, J., 1949, 44, 402) have recommended the use of solvent 
mixtures such as acetic acid-ethy!l acetate-water, and pyridine-ethyl acetate-water, for the 
separation of the sugars on paper chromatograms. Hydrolysis of the ethyl acetate occurs, 
however, and consequently reproducible results are not readily obtained. It is also necessary 
to prepare fresh solvent for each separation. Rapid and efficient separations of sugars may be 
obtained, however, by using ‘ miscible solvent mixtures’ such as n-butanol-ethanol-water 
(4: 1-1: 1-9), and »-butanol—pyridine—water (3: 1: 1), which give reproducible results and can be 
used continuously. The R, values of the carbohydrates and their derivatives can be adjusted 
by increasing the pyridine, ethanol, or water content of the mixture (thus increasing the Ry 
values) or by the addition of light petroleum to either solvent mixture (which depresses the Ry 
values). The separation of sugars is considerably accelerated by the use of Whatman No. 54 
filter paper in place of No. 1 filter paper, but the sugars tend to trail on the former paper. 
No, 54 paper is of great value for the separation of di-, tri-, and oligo-saccharides. Uronic acids 
and their methylated derivatives may be separated satisfactorily in a miscible solvent mixture 
composed of »-butanol-glacial acetic acid—water (2: 1: 1); sugars also show excellent separations 
im this solvent mixture. 

Separation of sugars and their methylated derivatives by partition chromatography on 
columns of cellulose has been described (Hough, Jones, and Wadman, loc, cit.). Although 
cellulose is best packed as the fine powder, an acid-treated cellulose, marketed as a fine powder, 
termed “ hydrocellulose,”” forms excellent columns when packed as a slurry in acetone. 
Separations of sugars and their methylated derivatives on columas of “ hydrocellulose " were as 
successful as those obtained previously on cellulose. This type of column can also be used to 
separate sugar glycosides and, in the Experimental section, the isolation of a- and §-methyl-t- 
rhamnopyranosides from the mixture produced on boiling L-rhamnose with methanolic hydrogen 
chloride is described. 

After separation, identification of an unknown sugar may be facilitated by an examination, on 
the paper chromatogram, of the sugars produced on epimerisation with lime water. For example 
on epimerisation, either glucose, fructose, or mannose gives rise to a mixture of all three. 
Demethylation is also a useful aid to the characterisation of the methylated sugars (cf. Hess and 
Neumann, Ber., 1935, 68, 1371) since an unknown methylated sugar may be heated with 
bydrobromic acid at 100° for about 5 minutes, subsequent analysis of the demethylation products 
on the paper chromatogram giving a pattern by means of which the parent sugar may usually 
be identified by its R, value and colour reaction. Tetramethy! glucose is readily converted 
into partly methylated glucose derivatives and glucose, trimethyl xylose is converted into 
xylose, and 2 . 6-dimethyl and 3-methyl galactose into galactuse. Fructose derivatives, however, 


H 
We would emphasise that this evidence is not conclusive, however, and wherever possible it is 
{ 
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are destroyed. This behaviour may result because of the more ready conversion of ketoses into 
yifurfuraldebyde (cf. Haworth, Hirst, and Nicholson, J., 1927, 1513). 

The separation of sugars and their methylated derivatives on the paper chromatogram shows 
a marked improvement at elevated temperatures. At 37°, equilibrium is rapidly established 
im the chromatographic apparatus and, by use of »-butanol incompletely saturated with water 
as the mobile phase, rapid and efficacious separations have been achieved. In contrast to their 
behaviour on normal paper chromatograms, the sugars travel as small discrete spots of high 
concentsntion, which favour better colour fermetion with the acidic sengente desesibed 


06, and 01%) 
solutions in water, in glacial acetic acid, and in #-butanol, for sachs Aqueous 
solutions of a representative selection of sugars and their methylated derivatives (see below), of 2-5 and 
5-0% concentration respectively, were prepared. A spot of cach was placed on a sheet of Whatman No. 1 
filter paper and allowed to dry. A large number of these “ test sheets “ was In each case 
the spot diameter was . mm., corresponding to 0-01 ml. wg. of sugar and 50 pg. 
followin Galactose and its 2:3: 4: 6-tetrameth 
6-, 2: 6-, and methyl and derivatives glucose and 
: 5: 6-tetrameth 2: 3-dimethyl, and 6-methy! derivatives; 
and arabinose and its 2 3; 5-tri- 
and 2-methyl derivatives ; ent : 3: 4-trimethyl, 2 : 3-di- 
methyl, and 2-methyi derivatives; fructose and its 1:3: 4-trimethyl and I: 6 oa 
derivatives; mannose and 4-methyl mannose; altrose, ribose, workers, 
2-deoxyallose, 2-deox nose, glucoheptose, and p-glucogalaoctose. 
and evenly wi papers 
heated at 100° in an electric oven fitted with a door and the development of the coloured spots 
observed. The sugars sprayed with the aniline acetic acd gave rine colours of optimum 
intensity after about 3 minates’ or On the other hand, the papers spra with the 
in »-butanol and in water requi tes’ heat and the colours were in oie 
a medium of glacial acetic acid. Solutions (2.8%) of sailine phowphate, , or phthalate in 
ial acetic acid gave the best results, excellent colours colours being obtained with both the sugars the 
methylated sugars. Any of these three reagents serves as a good general spray for the detection of the 
Care must be taken to avoid over-heating 
papers, otherwise the destroyed with the formation of brown spots in 
An excess of aniline has little effect on the brilliance of the coloured spots. 
fal general reagents proved sotution (9%) of hydrogen 
y Teagents proved to be : 
dimethylaniline in glacial acetic acid contaming trichloroacetic acid (5 


ketoses, 
.—The methylated 10 mg.) in by id (48 tained 


tube is heated in the water about 5 minutes contents are then 

immediately diluted with water (10 ml.}. Portions of silver carbonate are added until the solution is 

neutral, whereafter a smaller quantity of es posmags of harcoal is stirred in and the solution filtered. The 

last traces of silver are removed by the passage of hydrogen sulphide and filtration through a charcoal 

bed. The filtrate is concentrated to a thin syru ee which is examined ca the the paper chromatogram. Typical 

results are as follows: (a) 2:3: 4: 6-tetramethyl glucose gave spots to trimethy! glucoses 

Re 0-84, 0-77), glucose (Ro 0-50), | and glucose (Req 0-10); (bd; 
3: 5-trimeth erabincee ge (Re 0-52, 0-73), monometh 

3: 4trimethyl xylose gave dimethyl 

(d) 3-methy! galactose gave galactose 


saturated soletions of 
solutions at 100° for 10-15 or at 


spots corresponding to glucose, mannose, 


methy! arabinose, 2: 3 : 6-trimethy! glucose, and 2 : 3: 4 : 6-tetramethy! glucose was completely 

separated on the paper chromatogram at 37° in 3 hours. Chromatography at 37° (on No. 54 
paper) provides an excellent method for the separation of the di-, tri-, and oligo-saccharides. 

EXPERIMENTAL. 

of diphenylamine tn »-butanol—methanol (1 : 1 v/v) containing trichloroacetic acid (5%); a solution 

of a-naphthylamine in »-butanol-methanol (1:1 v/v) containing trichloroacetic acid 
futions (3%) of orcinol or resorcinol in alcoholic ; chioride | gave | ific red colours 

‘ 
procedure, demethylation products were not detect ne anilides and phenylh ydrazones «if the sugars, 
on being warmed with dilute hydrochloric acid, however, yield solutions containing the sugars. which 
can be separated and detected on the chromatogram in the usual manner. 

: ised when kept at room temperature for a week or more in 

A more rapid epimerisation is achieved by heating the 

37° for 24 hours. The solution is then neutralised by the 

ition of Amberlite resin 00 results are obtained at low temperatures. Glucose gave 

223 fructose. Galactose gave spots corresponding to galactose, 
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of the sulvent front as it advances over the paper whole apparatus 
was placed in a chamber thermostatically-controlied at 37°. »-Butanol saturated with water at room 

temperature was employed as the mobile phase. The was charged with solvent and allowed to 
stand for 24 hours before use. The results (see Table) show that the Rp values of the are con- 


titer papers. A marked improvement in the dekaition of the spats was also noted. Whatman 


Distance (cm.) from the centre of the sugar spot to the starting point and Ry values.* 
Whatman filter paper - No. 1. No. 1. No. 54. No. 54 


17°; 16) brs. 37°; Ghrs. 37°; 3 hrs. 37°; 164 hrs. 


front 20-1. front 20-4. front 30-7. t 


4-Dimethy! galactose 
3-Dimethy! arabinose 
2:3: 6-Trimethy! glucose 


2.3.4: 6-Tetramethy! glucose ... 


1-6 (0-055) (0-115) 3-1 (0-102) 


_ 5-0 (0-163) 

4-9 (0-160) 
39 (0-192) 5-5 (0-178) 
5-7 (0-278) 1 (0-265) 
8-0 (0-359) 10-5 (0-342) 
9-35 (0-457) 13-7 (0-446) 
13-1 (6-641) 19-0 (0-650) 
15-3 (0-748) 23-1 (0-752) 
17-45 (0-854) 26-3 (0-857) 


Sorbitol 
Mannitol 
Dulcitol 
Turanose 
Sucrose 


12-1 (0-102 
13-3 (0-111) 
18-7 (0-156) 
19-8 (0-165) 
20-4 (0-177) 
28-7 (0-240 
15-3 (0-124 
15-9 (0-129) 
15-3 (0-124) 
6-6 (0-055) 
61 (0-051) 


Melibiose 12-8 (0-107) 
values are given in parentheses. 
solvent front reached the bottom of the pa wee Ste 


3 This Ry value was assumed, and the Hy valwes of the other materials on the chromatogram were 
calculated by proportion 


Separation of a- and B-Methyl-i- anoside.—1-Rhamnose (10 g.; anhydrous) was boiled with 
methanolic hydrogen chloride (260 c.c. ; ) for 12 hours. The solution was neutralised with 
silver carbonate and filtered, and the filtrate concentrated to a syrup (10-6g.). The syrup was dissolved 
in »-butanol (7 cc.) two-thirds saturated with water, and transferred to the top of a column (50 cm — 
6 cm. diam.) of hydrocellulose,” and the glycosides were separated in the manner described by Ho’ 
Jones, and Wadman (loc. with butanol~water as the mobile . The fractions contai 
glycosides were examined on the filter-paper . 6t.). After selection aad the 
fractions, subsequent concentration os (water), Rg 0-53, and 
\-t-rhamnopyranoside (0-9 g.), m. p. 139° 139°, Re 0- 
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ve spots corresponding to sorbose, idose, and gulose. 
Partition Chromatography af 37° (with Mr. J. N. Counszts).— usual 
us was used, precautions being taken to ensure that the container (a glass fitted with a thi ' 
wen The under side of the glass lid and the upper edges of the tank 
were ground fat and “ Apiezon L.” grease was applied to the edges. Any leakage in the container 
Chromatography at 37° for 164 hours on No. 54 paper gave an excellent separation of the 
are very difficult to separate. : 
Temp. and duration of chrom- % 
atography 
Distance from solvent front to 
the starting line (cm.) ‘ 
(0-563) 
21.5 (0-738 
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346. Stereochemical Studies of Olefinic Compounds, Part II.* Ring 
Scission of 2-1'-Halogenoalkyltetrahydrofurans and 3-Halogeno-2-alkyl- 
as a Route to Alk-4-en-1-ols of Known Configuration 

and as a Method of Chain Extension by Five Methylene Groups. 

By Lestrm Cromer and Stantey H. Harrer. 

The and ring scission of 2-1’-bromoalkyitetrah ydrot and 3-chioro-2-alkyi- 

as routes to alk-4-en-l-ols and thence, by ic reduc- 

& means of chain extension five methylene groups. Although 


yitetrahydropyran, separable bat 
exclusively trans-n-hex-4-en-l-ol in high yield 
with authentic and trans-n-hex-4-en-1-ol, mate by 
reduction by sodium in liquid ammonia, respecti n- 
points of derivatives, through the infra-red the 
and #-noa-4-en-1-ols are also prepared by this method and assigned the 


Py is believed to provide a general route 


Wuewn a §-halogeno-cther is treated with one of the more electro-positive metals, halogen 
elimination and scission of the §-carbon-oxygen bond occurs with formation of an olefin and a 
metal alkoxide: R©-CH,CH,X +2M —> R-OM + CH CH, + MX 

Thus reaction of 2-phenoxyethyl bromide with magnesium or sodium gives ethylene and the 
phenoxide (Grignard, Compt. rend., 1904, 188, 1048; Wohl and Berthold, Ber., 1910, 48, 2175) ; 
Boord and his co-workers (J. Amer. Chem. Soc., 1930, 52, 651, 3396; 1031, 53, 1605, 2427; 1932, 
54, 751; 10933, 55, 3293, 4930) generalised the reaction with zinc as a method of preparing 
olefinic hydrocarbons of the types RCH°{CHR’, RR’CICH,, and RR’CICHR”; 
and 2-bromoethyl alkyl ethers with magnesium give ethylene and the bromomagnesium 
alkoxide (Tallman, idid., 1934, 56, 126). When the ether is cyclic the hydroxy! and the ethylenic 
link are produced within the same molecule by ring scission. Thus tetrahydrofurfury! chloride 
or bromide with magnesium or sodium in ether gives »-pent-4-en-1-ol in high yield (Paul, Bull. 
Soc. chim., 1933, (iv), 58, 424; 1935, [v}, 2, 745; Paul and Normant, ibid., 1943, (v), 10, 484; 
Org. Synth., 1945, 25, 34; Robinson and Smith, /., 1936, 195), and 3-b tetrahy 

is attacked by lithium in ether to give »-but-3-en-l-ol (Amstutz, J. Org. Chem., 1944, 9, 310). 

It appeared that ring scission of cyclic 6-halogeno-ethers should be capable of extension to 

ide routes to various ethylenic alcohols of known configuration and, by subsequent catalytic 
hydrogenation, afford methods for the extension of carbon chains by several methylene groups 
atatime. The unit added would be terminated by a functional group suitable for a repetition 
of the process or for other standard reactions. In this and the following paper a study of three 
such ring scissions, with particular reference to the stereochemistry of the products, is presented. 
Examples of the use of these reactions have already been given by us (Crombie and Harper, 
Nature, 1949, 164, 534, 1053; J., 1950, 1162). 

When this work was started (1947), no satisfactory procedure for the preparation of tetra- 
hydrofurfuraldehyde was available (cf. Owen, Ann. Reports, 1945, 42, ae aye it has 

», 1949, S 25)—and the following route to alk-4-en-l-ols (IV) through the ring scission of 

(ILI) was examined : 


(IL) 


(IIL) 


* “* Leaf Alcohol * wor, trans-m-Hex-3-en-l-ols and #-Pent.3- 


difficult. scission of the bromide with sodium 
shown to be predominately trans, though the infra es presence 
some of the cts-isomer. 
2 - 3-Dichlorotetrahydropyran and methyl um bromide give cis- and trans- - . 
into 
ed companson 
lrogenation and by 
mixed melting 
»-Hept-, s-oct-, 
trans-configuration 
The ring scission of 3-chloro-2-alkyltetrab 
to trans-alk-4-en-1-ols. 


1708 Crombie and Harper: 


Furfuraldehyde was converted into 2-1'-hydroxyethylfuran (1; Grignard 
teaction (Peters and Fischer, /. Amer. Chem. Soc., 1930, 52, 2079; Paul, Bull. Soc. chim., 1937, 
(v], @, 846) and thence by hydrogenation over Raney nickel into 2-1’-bydroxyethyltetrah ydro- 

; R= Me) in high yield. Prolongation of the reduction time led to a lower yield 


non-homogeneous »-hex-4-cn-l-ol (IV; RK «— Me) (evidence is given below that this is the 
trans-alcohol, probably in admixture with the cis-isomer). In view of the mediocre yields and 
Riobé (Compt. rend., 1947, 224, 474) recorded a similar failure to convert 2-1’-hydroxy-»-amy!- 
tetrahydrofuran (II; R = Bu") satisfactorily into a halide, but reached the same objective, 
»non-4-en-L-ol (IV; RK = Bu"), by the ring scission of 3-chloro- 

(V; R= Ba*), which Paul (ibid., 1944, 218, 122) had earlier reported, though without details, 
as obtained from 2 : 3-dichlorotetrahydropyran and »-butylmagnesium chloride. 

We therefore turned our attention to the following as a route to alk-4-en-1-ols : 


4, cH, 


/ H, H, 


Following details suggested by Dr. R. Paul (private communication in December, 1947) 

dibydropyran (1 mol.) in ether was chlorinated at 0° and without isolation the 2: 3-dichloro- 

tetrah was added to the appropriate Grignard reagent (1°5 mols.) (R =~ Me, Et, Pr®, 

a general route to 3-chloro-2-alkyltetrahydropyrans (V). In further 

. J. H. Brookman we have found it possible to reduce the excess of 

Grignard causing resinification or seriously diminishing the yield, if vigorous 

stirring is maintained towards the end of the addition when solid tends to separate. Ii local 

concentrations of 2: 3-dichlorotetrahydropyran are set up resinification occurs. We have not 

found it profitable to reduce the proportion of alkyl halide below 1'1-—-1-2 mols., since the 

formation of the Grignard reagent is not quantitative and contamination of the product with 

2: 3-dichlorotetrahydropyran is undesirable. When methylmagnesium iodide 

a wes 3-dichlorotetrahydropyran (1 mol.) in ether resinification occurred 
and scarcely any of the desired product (V; R = Me) was obtained. 

Riobé (ibid., 1947, 225, 334) showed that the 3-chloro-2-alkyltetrahydropyrans (V; R = Me, 
Et, and Pr*) so obtained are separable into lower- and higher-boiling isomeric forms. From 
the relative values of the physical constants of the pairs of isomers he concluded that the former 
is trans and the latter cis. These configurations are consistent with the relative speeds of reaction 
with ethanolic sodium ethoxide and with the products formed on treatment with potassium 
hydroxide in diethylene glycol (ibid., 1948, 226, 1625; Amn. Chim., 1949, 4, 593).* Riobé 
stated that on ring scission the cis- and the trans-isomer gave the same alcohol (IV), the evidence 
being that neither the ethylenic alcohols nor their acetates could be fractionated by distillation 
into isomers. Since the boiling points of such cis- and trans-olefinic alcohols (cf. Crombie and 
Harper, Part I, J., 1950, 873) are generally very close, fractionation would need to be very 


boiling (cts-)isomer the §-form. In his later papers he reversed this nomenclature without comment. 
To avoid further confusion it is desirable to discontinue the use of Greek prefixes, as a 
3-chloro-2-alkyitetrahydropyrans, since actual configurations can now be assigned wi 
certainty. However, for the purposes of this and the following paper, it is necessary to designate the 
alcohols derived from the frems-, by ring scission with sodium, as a and those derived from the cis-3- 
chloro-2.- ans (or -furans) as 8. The stereochemistry of these alcohols is elucidated 
in these pa 1s San redundant. Paul and Tchelitcheff Soc. 

1048, [v), isomeric and assigned 
cts-configuration to iower-boiling isomer; on the basis of the Auwers-Skita generalisations we 
believe this to be incorrec 

adpummisdotieatan May 18th, 1950.) Dr. R. Paul communication) concurs with us that the 

aration made by Paul and should be reversed. 


the furan ring. Conversion of this carbinol into a halide was unexpectedly difficult, for thionyl 
chloride, anhydrous hydrogen chloride, and phosphorus and iodine gave very poor yields of : 
impure halides, while phosphorus tribromide gave only 34% of the bromide (III; R = Me, 4 
X = Br), which was difficult to purify. This bromide reacted vigorously with sodium to give a ; 
CH, i 
RMgX Ne av) 
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tefined to be a convincing test. We have therefore investigated the homogeneity and the 
stereochemistry of the alcohols formed in this reaction. 

Fractional distillation of crude 3-chloro-2-methyltetrahydropyran yielded the higher- and 
the lower-boiling isomer, whose physical properties differ somewhat from those reported by 


97 34-22 
34-09 
* Riobé, Ann. Chim., 1949, 4, 593. 


generalisations are applicable to 
we agree with Riobé’s assignment of configurations. During distillation of 
the precursory 2: 3-dichlorotetrahydropyran we observed no appreciable spread of boiling 
point; we believe that this consists of one geometrical form only, since addition of halogens to 
a double bond, here cis, is known to occur trans and would give trans-2 : 3-dichlorotetrahydro- 
pyran (cf. Hammett, “ Physical Organic Chemistry,” McGraw-Hill Book Co., Inc., New York, 
1940, p. 147; Raphael, J., 1949, S 44, and references cited therein). When therefore this 
2 : 3-dichlorotetrahydropyran reacts with the Grignard reagent, C,,, becomes planar owing to 
the formation of a carbonium ion (Syl mechanism), and both cis- and trans-3-chloro-2-alky!- 
tetrahydropyran are produced. 

Subjecting cis- and trans-3-chloro-2-methyltetrahydropyran separately to ring scission we 
a- and §-n-hex-4-en-l-ol had nearly identical physical properties (Table II) and gave identical 
l-naphthyl- and 4-diphenylyl-urethanes. Furthermore, conveision of (a + §)-n-hex-4-en-1-ol, 
n-hept-5-enoic acid,* through the »-hex-4-enyl bromide and carboxylation of the derived 
Grignard reagent, gave an acid which from the purity of its derivatives was homogeneous 
(to be reported later). We conclude, in agreement with Riobé, that this ring scission gives a 
single stereoisomer of n-hex-4-en-l-ol. We have also prepared (« + §)-n-hept-, (« + 6)-»- 


Taste I. 
1-Naphthylurethane, m. p. 4-Diphenylylurethane, m. p. 
93-04 
73 9293 
74-75 77-5 
72 93 


oct-, and (a + §)-s-non-4-en-l-ol, by ring scission of the appropriate 3-chloro-2-alkyltetra- 
hydropyran (V; R = Et, Pr*, and Bu") and have observed no indications of the presence of 
more than one stereoisomer. 

To elucidate the configuration of the isomer formed in the ring scission we have prepared 
cis- and trans-n-hex-4-en-1-ol by unambiguous routes. (« + §)-n-Hex-4-en-1l-ol was brominated 
in ether below 0° and the 4: 5-dibromohexanol dehydrobrominated by sodamide in liquid 
ammonia, to yield n-hex-4-yn-l-ol, characterised as its I-naphthylurethane. From this 
hexynol, authentic cis-m-hex-4-en-l-ol was prepared by semi-hydrogenation over palladium-— 
calcium carbonate at room temperature. This procedure is known to give a cis-double bond 
(Campbell and Campbell, Chem. Reviews, 1942, 31, 90; Part I, loc. cit.). Reduction of the 

, loc. cit.; Sondheimer, J., 1960, 877; Part I, loc. cil.), yielded trans-n-hex-4-en- 
red These alcohols were characterised as their I-naphthyl- and 4-diphenylyl-urethanes 
with the trans-isomer 

The assignment of the trans-configuration to the alcohol formed by ring scission is 
by infra-red absorption measurements. The spectra of a-, 8-, and trans-n-hex-4-cn-l-ol 
(Figs. 1—3 respectively) are closely similar and differ markedly from that of the cis-isomer 


* In this and succeeding papers we use Geneva numbering for carboxylic acids. 


Taste I. 
3-Chloro-2-methy!- 
tetrahydropyran. B. p. Found. Cale. Ref. 
1071 1-4551 34-09 34-22 1 
56° /23 mm. 1-058 2 
* Crombie and Harper, this paper. 
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(Pig. 4). Strong absorption at 103 yu. is characteristic of the trans-forms (cf. Part I, loc. csi.), 
absorption here being very much weaker for the cis-form. In the spectrum of cis-n-hex-3-en- 
t-ol (Joc. cif., Fig. 1) there is marked absorption at 11°5 u., but careful examination has failed to 
reveal a corresponding peak in that of cis-m-hex-4-en-1-ol; the latter has however characteristic 
absorption at 965. The spectra of the a- and §-alcohols give no indication of the presence of 
cis-isomer. in particular the relative intensities of the 94-y. (primary hydroxyl) and the 
10°3-y. (" trans’) band correspond closely with those for the pure frans-isomer; any cis-isomer 


Pra 2. 


Frio. 3 
Fie. from ring scission 6.—(e + 8)-n-Hept-4-en-1-ol. 


of 2- ydrofuran. 
Fria. 7 —(e + Fic. 8.—{e + 8)-n-Non-4-en-1-ol. 


should be easily detected by decrease in absorption at 103 » Thus on chemical and 
spectroscopic evidence the product of the ring scission of both cis- and trans-3-chloro-2-methyl- 
tetrabydropyran is frans-m-hex-4-en-l-ol, free from any detectable quantity of the cis-isomer. 
The infra-red absorption spectra of (a + §)-s-hept-, (a + §)-m-oct-, and (a + §)-s-non-4-en-1-ol 
(Figs. 6—8 respectively) all exhibit the strong “ trans peak at 10°3 up. Reference samples of 


ring scission we have 
re-examined the specimen of #-hex-4-en-l-ol obtained by ring scission of 2-1’-bromoethy!l- 


Fial 
Fiad Fia.4 
Fia? 
t~ 
ve-/ength (marons) length (microns) 
the corresponding authentic cis- and trans-alcohols have not been prepared, but from the 
spectroscopic evidence coupled with the apparent chemical homogeneity, we conclude that 
these too are pure frans-isomers. 
| 
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in two important features. First, there are signs of a new 
~7 u., this being more distinct than the inflexion which occurs in this region for the frans- 
isomer. Secondly, the intensity of absorption of the 10°3-y. (" #vans ") band relative to that of 
the 94-u. (primary hydroxyl) peak is markedly reduced. Both these observations suggest 
that the contaminant is cis-»-hex-4-en-1-ol and that the ring scission of 2-1’-bromoethyltetra- 
hydrofuran gives a mixture of cis- and trans-n-hex-4-en-1-ols. 

We reserve discussion of the mechanism of these ring scissions until the following paper. 


/125 atm. in lave fi with Oe 
| atm. autoclave tor 
Raney nickel (7 g.). After 3 hours the reduction was stopped, Siren ee 

ted under a column. gave 2-1". for 
Cert: i 


15—17"/20 mm., m.. 1-4400 (Found : 


portions. te became hot and was completed at 100° d 
The product was with other and Altered thoough an the tomate 
After drying and evaporation residue was distilled at 3 mm. to 
give fractions; b. p. 45-78", wf 1-4845 (1-7 g.) (Found: I, 45-7); b. p. 78-100", 1-5304 (0-9 
Found; I, 58-1); and b. p. 100-103", 1.5540 the crede I, 62-1. Cale. for C,H, ,O1 : I, 56-2%). 
uch decomposition occurred on attem 
to a mixture tril 
1936, 195). houre at room room temperature the 
b. p. 74°/21 mm. to 140°/45 mm. This crude loa frac ted by distil 
14 mm. b. p. below 68°, 1-4712 (0-7 g.); 68-—70°, 14744 (4-4 g.) (Found 
Br, 45-56% 70—80°, (20g); bp 1-4740 (3-8 TRS 
1-4740 7. Poy ound : Br, 46-4. Cale, for C,H,,OBr: Br, 44-7 Repetition of this distillation 
gave no better Io cote experiment the carbinol (13-5 g.) | was added during 30 minutes to 
at in the absence of The product was worked 
, 1945, 848) and distilled at 
1-4842 (1-4 g.); 14791 (1-4 and b. p. 80-—05", 
Ring Scission of 2- romocthyltetrahydrofuran.—The bromide (10-0 g. ; 
rinsed with ether to remove xylene) in anhydrous ether (25 ml 
sufficient to cause gentle refluxing of the ether, whilst the sodium 
finished water was added, and the ethereal layer separated, washed, and 
b. p. 130-—180°, 
crude n-hex-4-en-l-ol was redistilled at 11 mm. 
(0-6 g.); (i) bp. 5430", 14401 ose), and (i) b. p. naff 1- 
were obtained in other e ound (for Tedistilled at 


pressure): C, 72-3; 
i115. Cale. for C,H,,0 C, 71; H, 121 
m. two 
chen admined with 


—Dihydropyran (168 g.) in 


tetrahydrofuran. The melting point of its 4-diphenylyiurethane was not sharp but was raised 
on admixture with that of the authentic trans-derivative. The alcohol thus appears to be 
largely but not entirely trans-n-hex-4-cn-l-ol. This view is supported by the infra-red 
spectrum (Fig. 5) which bears a general similarity to that of the trans-alcohol (Pig. 3) but differs 
EXPERIMENTAL. 

Microanalyses, from the halogen determinations, are Drs. Weiler and Strauss, Oxford. 
M. one of us (L. C.) with a 
Parsons spectrometer coupled to's Brown recorder. wang the pure liquide cell of 8 
important portion (§—12 ».) is reproduced. We are indebted to Dr. _C. Price for this facility. 

_—Freshly distilled furfuraldehyde (240 g., 1-0 mol.) was added 
1-25 mols.) and magnesium (80 g.) in dry ether (000 ml.). Next day product was treated with iced i 
water and the aqueous slury thrice further extracted with ether The ethereal extract was washed 
with s sodiam hydrogen - then water, . aniline 
wane Ghar tan and the residue distilled furan (182 g., 
65%), b. p. 80-5°/21 mm., »ff 1-4794. Peters and Fischer (J. Amer. Chem. Se 1990, ie. 2079) record 
b. p. 76—77°/23 _ This carbinol was particularly sensitive to acids and was therefore 
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chiorine passed inte the soluteon uatil it 
until the solution of 2 3-dichlorotetrah 
methyimagnesiom bromide (1-5 mols.) was prepared in 
bromade wat cooled and wel ered by 
3-dich) d above was added 


the 

61%), b. p. 156175" (mainly), 14504. This mixture was f distil 
and then at atmospheric pressure, through a 50 x 1-5-cm. helices-packed column with variable take-off 
and electrically heated jacket, to give lower- fwans- and the higher-bothng cis-isomer (see 

Table 1}. The es-form darkened when . whereas trans-form d col 
Ring Scisston 3. CAloro-2-methylietr —Sedium (144 g., 22 g.-at ) dered 
and covered with this solvent ‘ab 1). A little 
stirred with a Hershberg 


. so that steady refluxing was maintained. suspension 
wes stirred for a further % hours and thee kept at room temperature overnight. Next day ice and 
water were cautiously added. The ethereal la ether waa an layer further extracted 
with ether Alter being washed and dried (Ne, , the ether was removed under a column from the 
to give (230 g., 82%), b. p- 

mm 1.440 

b. p. 158", pop needles (from b. p. 
40-60"), 73°, and as the 4-diphenyly ps of short needles [ light petroleum 


“180°, 1-4402, characterised as the l-naph m. p. 73°, and 
nylylurethane of needles), m. p. yl- nor the 
(geeypnelend Ty B-alcohols showed of the m. p. when mixed, 
the corresponding derivatives of authentic trens-n-hex-4-ea-1-ol (see below). 
atives nt obtained pure more readily (1 or 2 crystallisations) than those of trans-n-hex-4-en-1-ol 
obtained by reduction of n-hex-4-yn-l-ol with sodium in liquid ammonia. 
(99 g.) slowly to (trans-)n-hex-4-en-1-ol (61-5 g.), obtained 


by ring scission of cis- + trans-3-chioro-2- volume of 


anhydrous ether, at <10° (external cooling) te (2-3 hours), the ether 
was sucked ype pump at room temperature from the ene : 5-dibromohexanol. To 
(ef eee Vogt, and Nieuwland, J. Amer. Chem. Soc., 1934, §6, 2120)}, the 4 : 5-dibromohexanol was 
idly, with cooling in alcohol-solid carbon dioxide. After 3 hours’ stirring the flask was 
poem om the cooling bath, ether (100 ml.) added, and the ammonia allowed to eva te overnight 
Next day water was adsled and the alcohol removed 5 extractions with ether. extracts were 
washed with dilute acid and then water and dried, and ether removed under acolumn. Distillation 
of the brown residue gave the crude alcohol (25 g., 41%), b. p. 160-—178°, which was refractionated to 
31%), b. p. 166 14506 (Found C, 73-35, 73-4; H, 10-5, 10-55. 
O requires C, 73-4 10-25%). which crystallised from ligh ight petroleum 
= p- (Found be 76-25; 645; N, 555. C,,H,,O,N requires C, 76-4; 


” trans-n-Hex-4-en-1-ol,—w- perigee 1-ol (5-0 g.) was added d ise to a stirred solution of sodium 
"Stott pte , cooled in ol-solid carbon dioxide. The alcohol was washed in 
a little ether, and the mixture stirred for a further 90 minutes, whereafter solid ammonium chloride 
was added cautiously until the blue colour was discharged. The solution was covered with ether 
nr mi.), and the ammonia allowed to evaporate overnight. Next day water (50 ml.) and more ether 
(10 ml.) were added, and the ethereal layer was separated 
with ether and the combined ethereal extracts were washed with 10% sulphuric acid, then water, and 
b. p. 158°, C, 71-35; H, 1196. CH requires C, 71-9; H, 12-1%). 
formi — petroleum after 4 tions, 
had m. p (Pound; C, 69; requires C, 75-8; N, 52%). 
whilst the hem formed clumps of short need! {from light . p. 
having m. p. 93° (Fonnd: C, 770; H, 7-25. C,,H,,O,N 77-25; H, 7-25%). 
cis-n-Hex-4-en-1-ol. —n-Hex-4-yn-L-ol (624 g.) was b at atmospheric over 
a palladium-calcium carbonate (5%), no solvent being used, until 1200 mi. of ae 
absorbed at 16° and 758 mm. (Calc. semi-hydrogenation: 1275 ml.). Ether and 
were added, and the catalyst was filtered off. Distillation gave cis-n-hexr-4-en-1-ol (4-6 g., 75 . Pp. 
156160", of which the balk had b. p. 158—159° on redistillation, #ff 1-4420 Some: | 2 
H, 11-7. C,H,,O requires C, 71-9; H, 121%). 
{from light petroleum (b. p. 40—60")), m. p. C, 76-05; H, 68 mich on 
admixture with the trans- 1- viurethane softened at 63° and melted unsharply at 
Cc, 77-56 oar which on admixture with the yly had m. p. 75— 


ropwise, After storage at room temperature, usually overnight, the excess of methylnagnesiam 
bromide was decomposed by the cautious addition of cold ammonium chioride solution, with stirring i 
and external cooling. Concentrated hydrochloric acid (98 mi.) was then added and the ethereal layer i 
a and dred (KYO, The ether was removed, and the residue distilled to give, after elimin- | 
wire stirrer until reaction commenced as shown by the surface of the sodium assuming an indigo-blue 
4 colour and by refluxing of the ether. The remaining 3-chiloro-2-methyltetrahydropyran (380 g. in all, 4 
i 
| 
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67—74°/14 mm. 
7 mm. 


74—82°/14 mm. 
Total 
The top fraction of the last run evidently : hi 


Compt. rend., 1944, 218, 122, records 
this fraction colourless 


3 


being presuma 
chained 70% of the mixed cis- and trans-3-chioro- tetrahydropy 
eth and recorded for the trans-isomer, /22 mm., 

t 


scission of the mixed css- and trans-3-chloro-2-ethyltetrah 
the gave trans-n-hept-4-en-1-ol, b. p. 
. 5° /17 mm., aff 11-4442. 
the re used tor the lower 
ydropyran (210 ¢., ¥ mol.) in . 
from #- propy’ bromide (370 1-2 mols.) and magnesium 
the ice-beth was allowed to melt and the 
3-dichlorotetrah 


being 

=, was distilled through a Dufton column. After 

the mixed cis- and trans-3-chloro-2-n- Itetra- 

. p. /18 mm. | at 85— 87°, 1- Riobé 

using 1-5 mols. ot for the trans-isomer, 


bromide and recorded 
1°/23 mm., »}f 14669. Our product appears 
of the (245 


ful (with 


(with J. H. Brooxman).—By the used for 
chlorination of 


[1950] Stereochemical Studies of Olefin 
3-( . H. Brooxman).—aA series of was carned out 
pyran (prepared by chlorination 200 ml.)) was added to ethyl- 
magnesium bromide (1-6—0-8 mol.) in appropriate volume of ether. Discoloration and resin 
formation were mitigated by dropping the ethereal 2 : 3-dichlorotetrahydropyran into the middle of the 
weill-stirred (Hershberg wire stirrer) G solution. 
wore dated the folowing the css- and 
Ethy!magnesium bromide. p. «ff. Wt.g. Yield, %. 
62—63 '/11 mm. 14499 M 23 
63-—72'/11 mm. 1 4608 37 25 
72—81°/12 mm. 1 4638 19 13 
Total 61 
ca 14514 26 16 
1 4653 19 13 
Total 8 53 
65-—73" /13 mm. 1.4607 36 24 
73—81°/13 mm. 1-4651 19 13 
Total 78 52 
40—65°/14 mm. 14563 27 1” 
65-—74° /14 mm. 1-4674 3 23 
(= | 
42 
dropyran (Paul, 
14957), and was (the 
and did not contain r 
ether (et, 
m., 1940, 4, 593) 
ns using 1-5 mols, 
1-4558, and for the 
our preparations is 
trans-n-Hept-4-en 
the u 
Riobé (i 
3-Chlovo-2-n-pr 
tetrah [pre 
added to the Grigna 
(73 g.) in dry ether (7! 
ether refluxed gently 
solid began to separate and st 
worked up as previously desc 
elimination of a forerun, b. p 
hydropyrans (249 g.,62%) were 
homologues, 2 3-dichlorotetrahyd 14 mal. 
in ether (600 ml.)) was added to the Grignard reagent prepared from wee bromide (452 g., 1-1 mols. 
and magnesium (81 in dry ether (550 mil.). Before all the ethereal 
corresponded to ropyran, showing 2 mols. of been 
used. After working up as previously described, the product was led, and after elimination of a 
forerun the mixed cis- and trens-3-chioro- 
three fractions: b. p. mm., 1-4532 ss ); bp. mm., 1-4618 (264 ¢.); 
and b. p. 103--208°" i mm., 1-4670 (6 g.). Riobé {iec. cia) obtained a 73% yield of mixed cis- and 
trans-isomers tala ot bromide and fecorded fot the trams omer. bp 
101°/21 mm., 4571, and for the cis-i b. 114°/21 mm., 1-4659. Our lower and upper 
fractions, are substantially pure trens- ess-forms 
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(with J. H. Brooxman). 
(270 g.), as above, with gave trans-m-non-4-en- 1-0! 
183 g., 84%), b. 100" it} 90% yield of this alcoho! 

ving b. p. ion mm. and 1- 


Cottece (University of Lowpon), W.C.2. (Received, February 28th, 1950.) 


347. Stereochemical Studies of Olefinic Compounds. Part III. Ring 
Scission of 3-Halogeno-2-alkyltetrahydrofurans as a Route to Alk- 
3-en-1-ols of Known Configuration and as a Method of Chain Extension 
by Four Methylene Groups. 

Leste Cromere and Stantey H. Harper. 


The scission of 3-chioro-2-alkyltetrahydrofurans is investigated as 
a route toa bao . by catalytic reduction, as a method of chain extension by 
four methylene groups. 

Interaction of 2 : 3-dichh hydrofuran with methylmagnesium bromide gives cts- 
and trans-3-chloru-2-methyitetrahydrofuran, separable by distillation. Although ring scission, 
with sodium, of the frans-isomer gives trans-n-pent-3-en-1-ol containing not more than a trace 
of the cts-alcohol, the cis-isomer gives a mixture of cis- and trans-n-pent-3-en-]-ol, containing 
4 substantial proportion of the cis-alcohol. The scission of css- and t#rans-3-chioro-2-ethyitetra- 
bydrofuran to #-hex-3-en-l-ol gives similar results. Assignments of configurations of the 

obols are based on com with authentic specimens of the cis- and tvans-alcohols (Part I), 
through their infra-red a jon and mixed melt points of derivatives. In confirmation 
the alcohols derived from the ee ydrofurans are converted, by carboxy!- 
ation of the Grignard mts derived from the bromides, into »-hex- and n- -4-enoic 
acids respectively. C tion of the p-bromophenacy! esters gives in each case known 
ets- and frans-derivatives 

In contrast to the scission of 3-chloro-2-alkyltetrahydropyrans (Part II), scission of the 
mixed cts- and trans-3-c 2- does 
configuration for these ring scissions are 


Iw Part II (preceding paper) we described the preparation of 2-1’-halogenvalkyltetrahydrofurans 
and of cis- and trans-3-chloro-2-alkyltetrahydropyrans and the investigation of their ring 
scission by sodium with particular reference to the stereochemistry of the alk-4-en-l-ols 
formed. In this paper we describe a similar investigation of the preparation and ring scission of 
cis- and trens-3-chloro-2-alkyltetrahydrofurans (1) as a route to alk-3-en-l-ols (II). No 
3-chloro-2-alkyltetrahydrofurans had been described when this study was started, so the 
following scheme was examined : 


(1) 


Ne Cat. 
RCHICH(CH),OH ——> 
aL) rede. 


2: 3-Dichlorotetrahydrofuran had been prepared by the chlorination of tetrahydrofuran in 
carbon tetrachloride at 0°, under anhydrous conditions (Reppe and Kréper, to I. G, Farbenind. 
A.-G,, G.P. 703,956, 1941). Normant (Compt. rend., 1948, 226, 185) has since claimed yields of 
up to 90%, though Stoll and Commarmont (Hele. Chim. Acta, 1949, 82, 597) obtained only 34%. 
We find that chlorination at 30-35" gives consistent yields of 70%. Addition of 2 : 3-dichloro- 
tetrahydrofuran (1 mol.) in ether to the alkylmagnesium bromide (1°5 mols.) gave the 3-chloro-2- 
alkyltetrahydrofuran (1; R « Me and Et) in good yield. Each of these products was separated 
by fractional distillation into two isomers boiling some 15° apart, which differed appreciably in 
physical properties (Table I) and gave different infra-red absorption spectra. On the assump- 
tion that the Auwers-Skita generalisations are applicable to tetrahydrofurans, we assign the 
cis-configuration to the higher-boiling isomers and the trans-configuration to the lower-boiling. 
At this stage Normant (Compt. rend., 1948, 226, 733) briefly reported a similar investigation, but 
gave only single boiling points for his 3-chloro-2-alkyltetrahydrofurans, Subsequently he 
stated (L'Jnd. Parfumerie, 1948, 3, 138) that his products had a spread of boiling point and were 
probably cis-trans-mixtures. Fractional distillation of the precursory 2 : 3-dichlorotetrahydro- 


| 
| 
| 
j 
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furan gave no indication of heterogeneity, so that either the cis- and frans-isomers have similar 
boiling points or the substitution gives substantially one isomer. 

Ring scission with sodium of the mixed cis- and trens-3-chioro-2-methyltetrahydrofurans 
gave a pentenol similar to that recorded by Normant (Table II). It was shown to be »-pent-3- 
en-l-ol (II; R = Me) by catalytic reduction to »-amy! alcohol and by the isolation of acetalde- 
hyde as the sole volatile aldehyde on ozonisation. However, when this (a + §)-»-pent-3-en-1-0l 
was converted into the bromide and the derived Grignard reagent carboxylated, the 
n-hex-4-enoic acid * so obtained gave a heterogeneous p-tolui p-bromophenacy! ester. 
por (II; R = Et) (Table III) obtained on ring scission of the 

yitetrah 


117—119°/24 mm. 
102—103°/13 mm. 


98°/11 mm. 
106° /14 mm. 
108—109°/19 mm. 
Compe, sent 1948, 226, 733. 
. * Crombie and Harper, J., 1950, 1152. 
Taste 


1-Naphthyl- 3. 5-Dinitro- p-Nitrophenyl- 4-Diphenyly!- 
benzoate, thane, urethane, 


14416 
1156—116°/12 mm. 
104-—-105° /7 mm. 13308 


, 226, 733. 
194 * Crombie and Harper, Part I, /., 3068, 878. 


and 
scission, to give a- and §-n-pent-3-en-1-ol respectively (Table I1), while trans- and cis-3-chloro-2- 
© Geneva numbering, 


heterogeneous derivatives. In contrast therefore to the ring scission of cis- and trens- 
3-chloro-2-alkyltetrahydropyrans, in which both isomers yield the trans-n-alk-4-en-1-ol, scission 
of the mixed cis- and trans-3-chloro-2-methyl(and -ethyl)tetrahydrofurans gives both cis- and 
trans-n-pent(and hex)-3-en-1-ol. 
Taste I. 
(Ra)p. 
3-Chioro-2-alkyltetrahydrofuran. B. p. a. af}. Found. Cale. 
trams-2-Methyl- 130° 1.087 1-4420 29:36 29-60 
145 1-098 1-4520 29-38 20-60 
Taste Il. 
1-Naphth Nitropheny! 
n-Pent-3-en-1-ol. B. p. urethane, m.p. Ref. 
1-4355 74—76 7 1 
14386 SS 76 3 
Corresponding n-hex-4- Bromophenacy! 
enoic acid. M. p. ester, m. p. Ref. 
55-5 i 
Harper, Part I, /., 1950, 8 
en-1-ol. B. p. m. p. m. p. m. m. p. Ref. 
67—71°/19 mm. 14377 1 | 
a+)-... 60°/12 mm. om 2 
(a + 8)-... 68—60°/12 mm. 1-4308 _ 20—22° 3 
@ mm. 1-4385 69° 4647-5 84 90-5" 1 
80°15 mm. 14395 00-605 27-29 76—79 1 
/19 mm. 1-4984 69—70 49 72:5—73-5 91-0015 4 
trans- ...... 52-—-53°/0 mm. 1-4374 69—70 4748 Be 101 4 
~4-enoic Bromophenacy! 
trans- 78—79 5 
and Com- 
* Crombie 
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ethyltetrahydrofuran similarly gave and §-s-hex-3-en-l-ol (Table III). Although the 1- 
naphthylurethanes of the a- and §-alcohols had different melting points, when admixed there was 
no appreciable i The infra-red absorption spectra of «- and $-s-hex-3-en-1-ol (Figs. 
1 and 2) show a similar location of the main bands, each has a strong band at 9°55 yu. (primary 


T 


Fria. 1. Fria. 2. 


Wave length (mcrons). Wave-/ength, (microns) 


1 —a-n-Hes-3-en-1-ol. Fic. 2. —$-n-Hesx-3-en-1-ol. 


3.—cis-0- Pent-3-en-1-ol. Fic, 4.—trans-n-Pent-3-en-1-ol. 
5. . 


hydroxyl), but the intensity of the band at 10°3 uw. (“ trans "’) is lower in the case of the §-alcohol. 
Comparison of the spectrum of a-n-hex-3-en-1l-ol with that of authentic trans-n-hex-3-en-1-ol 
(Crombie and Harper, Part I, /., 1960, 873; Fig. 2) suggested identity of the alcohols, which 
was confirmed by the absence of melting-point depression on admixture of the 1-naphthylure- 
thanes and the 3: 5-dinitrob tes. The spectrum of §-n-hex-3-en-l-ol is consistent with 
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this alcohol being a mixture of cis- and trens-n-hex-3-en-1-<l, since it shows both the “ rans” 
band at 10°3 ». and the band at 11°5 u. which is present strongly in the spectrum of the pure 
ess-isomer (loc. cit., Fig. 1). In addition, the increase in intensity at 13°9 u. and minor details of 
the spectrum are consistent with the presence of a substantial proportion of the cis-isomer. 
Attempts to resolve the I-naphthylurethane of §-s-hex-3-en-l-ol by 


acid (Table III) and the 

enoate, prepared from authentic trans-e-pent-2-en-l-ol, and the more soluble with the ester 
prepared from authentic cis-m-hex-3-en-l-ol. §-»-Hex-3-en-1-ol is therefore rigidly established 
as a mixture of commensurate proportions of os- and trans-n-hex-3-en-1-ol. 

The a- and §-n-pent-3-en-l-cls exhibited analogous properties. That the «-form is 
substantially trans-n-pent-3-en-l-ol was shown by the identity of its l-naphthy! with 
authentic l-naphthylurethane (Part I, loc. cit). Conversion of the §-form 
into a #-hex-4-enoic acid (Table II) and fractional crystallisation of the p-bromophenacy! ester 
(Crombie and Harper, ]., 1960, 1162; therein described as hex-3-enoic acid, according to the 
nomenclature then used in the Journal). For comparison the infra-red absorption spectra 
of the pure cis- and trans-n-pent-3-en-1l-ols, prepared by us (Part I, Joc. cif.), have now been 
determined (Figs. 3 and 4). The spectrum of the trans-isomer shows the characteristic strong 
band at 10°3 u., whilst the cis-isomer possesses a very weak band at this wave-length, but a 
new band at 11°54. Furthermore the intensity at 14-15 yu. is greater in the case of the 
cis-isomer. These features parallel those already described for the trans- and cis-n-hex-3-en-1-ols. 
The spectrum of a-n-pent-3-en-1-ol (Fig. 5) is generally similar to that of the ¢rans-isomer and is, 
in accordance with the chemical evidence, quite dissimilar from that of the cis-isomer. There 
are, however, signs that a-n-pent-3-en-1l-ol contains a trace of the cis-isomer for the trough at 
88 uw. and the pip at 11:3 u. may be due to this cause. It is possible that this is due to the 

a sharp separation of the precursory css- and frams-3-chloro-2-methyltetra- 


the chemical evidence. Thus the ring scission of mixed cis- and trens-3-chioro-2-alkyltetra- 
hydrofurans, for the cases examined here, is unsuitable for the extension of carbon chains by the 
homogeneous unit, ~CH°CH-(CH,),-OH, but is suitable for extension by the 

unit, -(CH,),-OH, after catalytic hydrogenation. 
Stoll and Commarmont (loc. cit.) have recently repeated the ring scission described by 
Normant on what, from the evidence given here, was a mixture of cis- and trans-3-chloro-2- 
They converted the alcoholic product into a 3: 5-dinitrobenzoate 
(m. p. 20-—-22°), which after repeated crystallisation gave a small amount of pure derivative 
(m. p. 46°5—48°). This was not identical with cis-n-hex-3-enyl 3 : 5-dinitrobenzoate (m. p. 48°) 
and they suggested it was the product of a side-reaction, probably the ester of a »-hex-2-en-1-ol. 
In the light of this paper it is clearly the 3 : 5-dinitrobenzoate of trans-n-hex-3-en-1-ol, the main 
product of the ring scission, and we have confirmed this conclusion by a mixed melting-point 
determination with a specimen kindly provided by Dr. M. Stoll. In connection with Stoll and 
Commarmont’s paper it will be apparent that our early views as to the nature of the ring 
scission product, recorded as a footnote to their paper, have now been revised as we had not 
then detected the presence of cis-m-hex-3-en-l-ol. Stoll and Commarmont's crude product, 
like our own (Table IIl), was a mixture of cis- and frans-isomers. The confusion was due to 
incorrect data in the literature for what had been claimed as pure trans-n-hex-3-en-l-ol; this 


Three earlier suggestions have been made as to the course of similar fissions. Paul (Budi. 
Soc. chim., 1933, [iv], 58, 421) considered the ring scission of tetrahydrofurfuryl bromide by 
magnesium to proceed through an intervening Grignard reagent; but Kobinson and Smith (/., 
1936, 195) and more recently Amstutz (J. Org. Chem., 1944, 9, 310) have clearly shown that a 
Grignard reagent is not formed. Paul subsequently (Bull. Soc, chim., 1935, (v), 2, 745) suggested 
the intervention of the sodium “ alkyl ” when using sodium, but by analogy this is improbable. 
Although we invariably observe a blue to purple colour during these ring scissions with sodium, 


unsuccess{ul The alcohol was therefore converted, via the bromide, into a »#-hept-4-cnoic 
nydroturans, be Clearly & OF AIK Tor tie 

spectrum (Fig. 6) contains the characteristic features of both isomers; this again accords with 

we have since corrected (Part I, loc. ci#.). 

The data presented in this and the preceding paper, relating configurations of certain 

3-chloro-2-alkyltetrahydropyrans, 3-chloro-2-alkyltetrahydrofurans, and 2-1'-bromoalkyltetra- 

hydrofurans to those of the ethylenic alcohols formed on ring scission, permit a preliminary 

discussion of the mechanism of this reaction. 
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@ sodium alkyl, the colour is probably due to the inclusion of sodium atoms in the 

sodium chloride crystal lattice (cf. Fritz Ephraim, “ Inorganic Chemistry,” 5th Edn., Gurney 
and Jackson, p. 247), Robinson and Smith (loc. cit.) represented the ring scission of tetrahydro- 
furfuryl bromide by magnesium as proceeding from the metal acting as an electron donor to the 
bromine, thereby inducing electron recession through the §- and the 2- 


(R-O-CH,CH,*) which then undergoes either Wurtz coupling or fission 
bond. We regard a free radical mechanism for the ring scission by 


examination of models 
“ normal” bimolecular mechanism (S,2 with 
reference to the a-carbon atom) through the duplet of electrons liberated by the breaking of the 
carbon-chlorine bond attacking the a-carbon atom on the opposite side to that at which the 
«-carbon-oxygen bond simultaneously breaks (i.¢., “ inversion” of the a-carbon atom), then 
¢rans-3-chloro-2-alkyltetrahydropyrans would give trans-n-alk-4-en-l-ols, whilst the cis-pyrans 
would give cis-alcohols. In contrast, if after separation of the chlorine the a-carbon-oxygen 
bond also breaks, leaving the «-carbon atom as a carbonium ion (S,1 with respect-to the a-carbon 
atom), then ethylenic-bond formation can occur without inversion at the a-carben atom. This 
type of substitution is generally accompanied by “ racemisation " of the a-carbon. atom owing 
to the formation of a planar carbonium ion. Steric or other factors, however, may cause subse- 
quent union in one of the two possible ways to be inhibited, with the result that somewhat more 
than 50% of one of the isomers is produced. Repulsion of the alkyl side-chain from the sodium 
surface might facilitate union with retention of configuration. By this scheme frans-pyrans 
would give both cts- and trans-n-alk-4-en-1l-ols, with the former predominating, whilst cts-pyrans 
would give mixtures with the frans-isomer greatly predominating, for the repulsion of the alkyl 
group would be greater in the case of the cis-pyrans owing to its closer proximity to the chlorine 
and hence to the sodium surface. We have shown, certainly for methyl and most probably for 
ethyl, »-propyl, and »-butyl, that both frans- and cis-3-chloro-2-alkyltetrahydropyran give 
solely the frans-n-alk-4-en-l-ol. The ring scissions of the trans- and cis-pyrans must therefore 
proceed by different mechanisms, the incidence of an Sy! mechanism being caused by the steric 
suppression of the more “ normal " S,2 reaction by the change of geometric configuration. For 
trans-pyran to give solely trans-alcohol the scission must proceed by the S,2 mechanism, 
whereas, for cis-pyran to give érans-alcohol with no more than a trace of cts-alcohol, scission 
must proceed by the Syl mechanism with substantially complete retention of configuration. 
As this change of mechanism to Syl with nearly complete retention of configuration occurs for 
the smallest possible alkyl group (methyl) it appears that a bimolecular scission of a cis-pyran 
cannot be realised, i.¢., cis--alk-4-en-l-ols are not accessible by the direct ring scission of 
3-chloro-2-alkyltetrah 
Next, with regard to the 3-chloro-2-alkyltetrahydrofurans, where we have shown that, for 
methyl and ethyl, the trans-furan gives frans-m-alk-3-en-1-ol, it is clear that the ring scission 
parallels that of the frans-pyrans in proceeding by a S,2 mechanism. However, as we have 
shown, the cts-furans give mixtures of cis- and trans-alcohols, in which the latter predominate. 
This is capable of two explanations: either the ring scission proceeds mainly by the Syl 
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H rn carbon atom to break the «-carbon-oxygen bond—essentially a hetero- 
~—CH, lytic process as illustrated. In contrast Amstutz (loc. cif.) postulated ; 
homolytic fission of the carbon—halogen bond to yield a free radical ' 
at the parton 
sodium as improbable. Certainly the ethylenic alcohol is formed to the extent of ~ 90%, so 
that any other reactions proceed to a very minor extent. j 
Reaction must proceed at the surface of the metallic sodium where, on the approach of a 
al suitably orientated molecule, we suggest ring scission is initiated by nucleophilic attack on the 
halogen of the surface electrons, followed by electron recession to the a-carbon atom and ; 
: oo thereafter fission of the «-carbon-oxygen bond with concomitant release of two sodium ions, ¢.g.: ' 
Na’ cH, Na’ cH, 
Ne H, Nae 
t f 
Go Na’ Nat 
Na Na’ 
| 
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mechanism without inversion, to give frans-alcohol, and partly by the 5,2 mechanism to give 


their geometry requires that in the cis-furans the alkyl grou 
chlorine than in the cis-pyrans. This will reduce the hindering effect of the alkyl group to 
the approach of the chlorine atom to the sodium surface and also the tendency of the a-carbon 
atom to react with retention of configuration; i.¢., substantial “ racemisation ” will occur 
leading to the observed results. If this view is correct, increasing the steric effect of the alkyl 
group should lead to stronger repulsion from the sodium surface and hence to greater union 
without inversion; 1.¢., by suitable variation of the alkyl group it should be possible to suppress 
the formation of cis-alcohol and to obtain solely trans-n-alk-3-en-1-ol from the ring scission of 
both cis- and trans-3-chloro-2-alkyltetrahydrof This possibility will be investigated. 
The single case of the ring scission of a 2-1‘-halog Ikyltet furan, where alkyl is 
methyl, that we have examined appears at first sight to parallel the ring scission of cis-3-chloro- 
2-methyl(or in giving a mixture of frans- and cis-n-alk-4-en-1-ol, in which 
the former predominates. The problem is however more complex. The bromide presumably 
consists of two racemic pairs of diastereoisomers, which incidentally may account for its observed 
spread of boiling point, and these correspond to the frans- and cis-furans. Their varying modes 
of ring scission, by Sy2 and Sy! mechanisms, will parallel those discussed above but will lead to 
trans—cis-mixtures of alk-4-en-1-ols of varying composition, However a detailed analysis is too 
speculative in view of the limited experimental data. 


EXPERIMENTAL. 


ee Drs. Weiler and Strauss, Oxford. M. p.s are uncorrected. The infra-red 
0 M. Friedmann, to whom we are indebted, with a Grubb 


Parsons epectrometer 


and the portion, 66—67", used immedia’ 
dried by passage 


uric acid, was passed into @ solution of the 

tetrah (216 ¢) dry carbon tetrachloride (200 m).) containing iodine (1 g.). Chiorination was 
started at 25° and within a few minutes the brown colour disappeared and the temperature rose to 30-— 
35°, at which it was kept by cooling in ru water. An efficient reflux condenser was necessary on the 
exit side of the all-glass apparatus to prevent of the volatile tetrahydrofuran. Evolution of hydrogen 
as shown by a fal] in temperature and passage of unreacted chiorine. nitrogen was then bubbled 
through the solution to remove most of the dissolved chlorine and h chloride. The 
tetrac was removed through a column under partly reduced pressure 

through a 40-cm. f (300 g., 71%), b oe 


On 


mm., which was sufficient! 
63-—66° /21 mm., wf? 1-484 


-methylictr 
—— eas 1-5 g.-atoms) in anhydrous ether ( 
room temperature, usually o the 
addition of cold ammonium c 
extracted with ether. The extracts were bulked, washed, ane ae eo 
mixed cts- and trans-3-chloro-2- (177 g., 82 b. 


atmospheric pressure, trans- ( 

C, 40-8; 49-8; H, 7-5; and cis-3-chlovo-2-methylietra- 

Aydrofuram (Found : C, 49-8 (see Tabie 1). ~ 
3-Chloro-2-ethyltetrahydrofuran.— ure used for the lower 

hydrofuran (68 g., the Grignard 


to 
‘ound 


ethy ), b. p. 60—72°/21 mm. 
Cc, 53-3; H, 85 ve quite readily 
chloro- 


was fractionally 
‘an (b. p. 165°) (Found : 
ares 88.8, H, 82; %). the b. p. of the trans-3- 
156") and the 
fractions, The 


inversion leading to both trans- and cis-alcohols. The latter appears preferable, particularly as 
the S,2 mechanism clearly does not participate in the presumably analogous scission of the 
cis-pyrans. This change must be connected with the differing geometry of the two systems, 
where in comparison with the presumably puckered and flexible six-membered tetrahydropyran 
ring, the five-membered tetrahydrofuran ring is both rigid and substantially planar. Further 
g a phenolk antioxidant was 
In our initial experiments at 0°, we found that sunlight was necessary for the reaction to 
one occamon the chlorine merely dissolved the Gack was semoven fem the teo-beth, 
reaction then baghetng suddenly with some violence. Most batches of 2 ; 3-dichlorotetrahydrofuran 
assumed a red colour when kept which was not removed by redistillation 
.) was dropped 
methy! bromide 
After storage at 
d by the careful . 
he ethereal 
acid and furt 
the mixed and irans-3-c! ro-2- 


and 
+ #)-e-pent- -3-en-1-ol (97 g., 83%), b. 137-138", 1-4356. 


607; H, 11-7%) 130 mg.) was heated with 
separated from the filtrate in needles, m $8", which 3 further c tions raised to 92° (Found : 
C, 16-5: 66; N, &2. Cale for C, 753; H,@7; N.6-3%). Thism. p. was not 
(92-—03") on admixture with the I-naphth of authentic trans-m-pent-3-en-}-ol (p. By 
p-nitrophenyl ssocyanate (164 mg.) gave the 
after two from . 


pent 
(below). 

R .) proceeded 

ing scission of cis- 
of the trans-isomer, to give B-en-l-ol (17-1 g 71%), 
72; H, 112%). This aleshel (190 mg.) treated at above 
55%). Al; 1 mixture with the 


10-7%). : 1 mixture with the 
nitrophenylurethane Lad m. p. 70—73°. 
trans-n-Pent-3-en-1l-ol (p. 877) has been further characterised by the 
hane, which after purification by treatment with charcoal and 
Cc, emi H, 5-75, N, 11-5. requires C, 57-6; H, 5-65; N, 11-2%). 
further choracterised p-metrophenyl- 


preparation of the 
565; N, 114%). A mixture of these two derivatives melted 


Yn-pent-S.en-I-ol were recovered unisomerised after being heated with a crystal of 
tube at 100° for 6 hours: the e-alcohol so treated gave a l-naphthy , Mm. p. 
87" und the palcobal ve a l-naphthylurethane, 7. 
Osontsahion of a and }-n-Pont-2-on-1-01.—The ted volume of ozonised was 


mi.) was then added and the volatile 

stream of nit during 24 hours. The dimedon derivative of acetaldehyde (420 oon 

mene Ld , which recrystallised from aqueous ethanol as needles or plates, m. p. 140-5" mad id 
not depress the m. p. of an authentic specimen (m. p meee 

Osonisation of « and separately gave similar results. dimedon deriv- 
ative (100 mg.) of the volatile aldehyde trom the e-alcohol (170 ae. 140—141°, with softening 
at 138°, without crystallisation. One recrystallisation gave m. ai admixed with authentic 
acetaldehyde dimedon derivative this derivative had m. 5°. The f-alcohol (300 mg. 
gave on ozonolysis 240 mg. of dimedon derivative, m. p. | 142°. One crystallisation from 
raised this to m. p 141 tae" (a 1: 1 mixture with an authentic sample had m. p. 141-142"). 

Hydre m of a ethyl acetate (10 ml), pre-redeced palladium barium sulphate ted 
ate > pressure in ethy! acetate (10 uc um jum sulphate (100 mg. . 
5% Pd). Hydrogen (40-5 ml. at N.T P.) was absorbed fa 90 minctes (calc. 43-0 ml.), whereafter a 
tion stopped. Filtercel was then added and the ca filtered off. The ethyl acetate was 
distilled off and the residual alcohol converted into its 3 : 5-dinitrobenzoate, m. p. 43-44", not 
on admixture with authentic »-amy!l 3: 6-dinitrobenzoate, m. p. 46-—47T° (43—46"). 

(104 mg.) absorbed hydrogen (48-0 ml. 
mi.), and the 3: 5-dimitrobenzoate of the reduction uction had m. p. 43-0—43-5°. The f-alcohol 
at N.T.P.) ( 64 ml.) and the saturated uct gave a 

5-dinitrobenzoate, m. p. On admixture with authentic #-amyl 3: 
neither of the above m p 8 were depressed. 

a and 8-n-Pent-3-enyi Bromides.— Ph tribromide (140 g.) was added 3 hours to a 
stirred mixture of (« + #)-»-pent-3-en-1-ol 112 g.) and pyridine (30 g .), cooled in ice. fter a further 
2 hours at room temperature the por bromide = distilled out by t heating of the flask until the 

orange residue frothed up. The crude diluted with iene toleum (b. p. tr mgt to aid 
ste and washed twice with 10 hydrochloric acid, ye A of xt sodium hydroxide, and water. 
erying and removal the light was twice distilled under 

uced pressure, to give (a + §)-w-pent-3-eny! (142 ¢.), he p. 89—07°/225 mm., 


the e-alcohol had b. 


1720 Crombie and Harper : | 
ydroturans had the pleasanter odours and were stable to light, whereas the cis-isomers became | 
ay 4 in a few hours and eventually deep brown. : 
meth yite 
| 
| 
| 
was not epressed admixture with the #-nitropheny rethane o' 
a Pent-3-enyl bromide prepared from 
the £-bromide prepared from the §-alcohol 
a- ond Hex-4t-emove Acids.— 
(60 mil.) and reaction started by the 
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in with stirring. When the mass became 
carbon dioxide was added and the mixture 


distilled had b. hing mm. 


of this acid were 
as 


Similarly p-e-peo 


and 


Ring Ses 
2-ethyitetrahydrofuran 
than that of the cis-i ive e-w-hex 70). > 
ich 


718; 
flat 


and 3: 5-dinitrobenzoy! 
r 49°) (loc. eit.) gave a depression of the m. p. to 34°, 
(oe The 


and the 4-4 

ly (oe, eit.) were 
When either of these derivatives was mixed with the 


0, C,7 H, 7-1; 


in anhydrous ether 


by hand and left for 2 hours. The product was decomposed by ice-cold roy oe acid, and the 
ethereal extracts were washed with water. The ethereal a ~ 
of 10% sodiem h xide solution, until a test tion gave no , tion. ; 
extracts were at 0° with a layer of fight petrolvass (b. p. and 25% sulphuric 
acid was just acid to . Separation of the 
light the solvent (a + acid, which 
g.. 65%). The p-toluidide and the 
and me! over a range. 

In like mide (4-1 g.) was converted into e--hex-4-enoic acid (2-1 & 

67%), to +1. 103-0°/13 mm., (Found : Cale. 
O,: equiv., 114-1). Letch and Linstead Y. 1934, 1994) record m. p. +1°, b. p. 102°/12 mm., 

14367, for a specimen of #-hex-4-enaic . which from its mode of preparation must have the 
trans-configuration (cf. Crombie and Harper, p. 1152; therein named as hex-3-enoic acid). 
phenacy! ester of the e-acid formed colourless needles, m. $2-0—82.5°, unchanged on with 
aut Crombie and Ha , loc. cit.) (m. p. B1-5—82-5"). y" 

1-4396 (equiv., p-bromophenacy! ester was 
were collected and crystallised 3 times from ethanol, giving ight needles, m. p. $1-0-—~82-5", 
which failed to depress the m. p. of authentic trans-ester on ure (mixed m. p. $20-—82-6"). The 
more soluble fraction, isolated by dilution of the mother-liquors with water, melted at 49—53", after q 
natn, Recrystallisation from ethanol-water gave a —. as colourless plates, m. p. 56°, which 
when admixed with p-bromopbenacyt ars -4-enoate (colourless plates, m. p. 55°) 
(Crombie and H t. loc. cit.) had m. p. 54-—55-5" 
to 50—60", but not (68-—70") on admixture with l-naphthylurethane (m. p. 
vious on of trans-3-chioro-2-ethyltetra- 
Pydrote derivative of cis-n- 
hex-3-en-1-ol (Joc. ett.) depressions of the m. p. was observed. We have now prepared the p-nitro- 
and of rans-n-hex-3-en-1-ol, made by reduction of #-hex-3-yn-1-ol 
indly provided by Dr. F. ; ef. this vol., p. 681) with sodium in liquid ammonia. These 
=" had m. p. 84—-85° and m. p. 101° respectively after recrystallisation and are cited in 
Ring scission the above method proceeded 
orously, to yield 1-4305 c, 
ly preparation of 
& 76-9; H, 66; N, 33. Calc. for 
ited as an oil, which eventually 
(cooling to had m. p. 
4-diphenylylurethane likewise melted over a range, 76—79° and 
Tespective - 
a- and pn-Hes-d-enyl Bromides.—(a + B) 
with tribromide (50 g.), 
(a + bromide (53 g., 71%), b. 
Grignard reagent with g-) 
described for the B-)n-hept-4-enoic acid (26-6 g., 68 

b. mm., »ff 1-4407 (Fou ‘alc. for C,H,,0, : equiv., 128-2). 

In manner bromide B-n-hept-4-enoic acid, b. p. 114— 
115-5°/14 mm., 1-4416 (Found: equiv., ester was 
geneous and when crystallised from aqueous ethanol was easily resolved two esters. more 
soluble ester, when recrystallised from ethanol, had m. p. 47°, and did not depress the m. p. of authentic 
cis-ester (m. p. 46-5"). As first isolated, the less soluble ester melted poorly at about 68°, but 2 crystal- 
lisations from ethanol raised this m. p. to 78—79°. On admixture with authentic p-bromophenacy! 
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4-enoate the mixture had m. p. The preparation of these two 


ring scission. We 
tad tha Society Central Ressasch Fund of the 
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348. The Preparation of Benziminazoles and Benzoxazoles from 
Schiff's Bases. Part II, 
Py F. F. Sreruzns and J. D. Bowrx. 


The method described in Part I has been extended, principally to the synthesis of Bz- 
gawd pecans New reagents are described for this reaccion, @ mechanism 


In Part I (/., y!-benzimi les and -benzoxazoles, by 
dehydrogenation of their corresponding Schiff’s bases with lead tetra-acetate, was described. 
With one exception, the compounds described therein were without substituents in the Bz- 
ring. In order to examine the generality of the method and to prepare compounds of potential 
medicinal or chemotherapeutic interest (to be reported later, see however BP. Appin. 8,680 /49) 
the synthesis of Hz-substituted benziminazoles and benzoxazvles was attempted. 

In a few cases, when aromatic aldehydes were condensed with substituted o-phenylene- 
diamines, stable, highly coloured, recrystallisable compounds were formed. These were 
assumed to be Schiff’s bases and were dehydrogenated by lead tetra-acetate in the normal 
manner. In other cases, the condensation products were converted into benziminazoles 
merely by being heated or on recrystallisation. Thus, p-nitrobenzaldehyde reacts with 
N-methyl-o-phenylenediamine (in 50% acetic acid) to give a bright red solid which on recrystal- 
lisation (from ethanol or pyridine) is converted into 2-p-nitrophenyl-1l-methylbenziminazole. 
This compound is identical with that = by Wiedenhagen and Train (Ber, 1942, 75, 
1936) by cupric acetate oxidation of the m ixed aldehyde and amine. Again, 3: 4-diamino- 

benzaldehyde react in boiling glacial acetic acid to give a pale yellow 
If the components react in 


heated rapidly melts at ca. 180°. On boiling the red solid or 
from benzonitrile, it becomes identical pays [5(6)-cyano-2-p-cyanophenyl- 
benziminazole}. In this type of reaction Elderfeld ef al. (J. Amer. Chem. Soc., 1948, 70, 44) 
have supplied spectroscopic evidence that the initial product is a benziminazoline and have 
suggested that this spontaneously oxidises to a benziminazole. (Cf. also the work on the 
condensation of aldehydes with o-amino-thiophenols by Lankelma and Sharnoff (J. Amer. 
Chem. Soc., 1931, 58, 2654).) In view of these results, little work was done on the preparation 
of Be-substituted benziminazoles. 

Condensation of aldehydes with substituted o-amino-phenols gave stable Schiff's bases 
(soluble in dilute alkali) in all the cases examined and ring-closure by heat or recrystallisation 
was never observed. From these Schiff's bases 2-phenylbenzoxazoles containing a variety 
of substituents in the Bs-ring, ¢.g., chloro, bromo, nitro, dinitro, cyano, carbomethoxy, methyl, 
and sulphamyl, were prepared by the method described in Part 1 (Joc. cit.). The Schiff’s base 
(I; X =O), terephthalidenebis-o »l, was converted into p-phenylenebis-2-benz- 
oxazole X « O) and, in addition, two heterocyclic 


ee 


‘XH HX 


Terephthalidenebis-o-phenylenediamine (I; X NH) 


prepared although 
benziminazole (II; X « NMe) was prepared. 


| 
| 
| 
| 

: MA,/ ©, 

(IL.) 


Benzoxazoles from Schiff's Bases. Part 11. 1723 
from its Schiff's base was attempted by 


of bensoxasoles (where stable Schiff's bases are precursors), 
stages of which may be represented as follows : 


N 


Ny 


Some evidence for these views is supplied by the following ; (a) reagents found to cause easy 
ring closure are known to generate free radicals, (b) when 4-nitro-2-p-nitrobenzylideneamino- 
toluene reacted in boiling acetic acid with lead tetra-acetate the Schiff's base was quantitatively 
_ recovered, (c) the first step in the above scheme has been postulated by Cosgrove and Waters 
U., 1949, 3189) in the reaction of phenols with benzoyl peroxide, (d) the yields obtained in the 
simple cases (cf. Part I, loc. cit.) appear to be unrelated to the electronic character of the sub- 
stituent in the 2-phenyl ring (cf. the recent work on the Pschorr reaction by Hey and Osbond, 
J. 1949, 3172), (e) parallel work (in collaboration with D. G. Wibberley; to be reported later) 
has shown that the azo-methine linkage may be replaced by the ethylene bond (leading to 
coumarones). From these considerations it was deduced that sulphuryl chloride, reacting 
with the liberation of chlorine atoms, would effect ring closure. This was found to be the case 
(see Experimental). 

If the idea of primary attack on the hydroxy-group is accepted, this will explain the low yield 
obtained in the preparation of 2-o-hydroxyphenylbenzoxazole where the Schiff’s base (III) 
has two hydroxy-groups exposed, and attack on only one can lead to the desired cyclisation. 
In this respect, and again revealing the effects of substituents, a good yield was obtained in the 


OH 

(v) 


oxidation of (IV) whereas (V) was extremely resistant to attack by lead tetra-acetate. Finally, 
if the benzoxazoles contained halogen in the ¢-position, they appeared to be prepared with 
especial ease. 

The intermediates required in this work were mostly prepared by established methods. 
3: 4-Diaminob itrile has been prepared by Bogert and Wise (/. Amer. Chem. Soc., 1910, 
82, 1494) and by Borsche ef al. (Ber., 1916, 40, 2233), but no yields are given. Catalytic 

itrile was found satisfactory for this preparation, and the 
route described in the experimental section more convenient than those employed by the above 


etamid. Hydroxylamine 10 g.), dissolved in mixture of pyridine 
(80 al) to a of pace (20g) in 

ethanol (26 mi) The mixture was refluxed for # minutes, the ——= 
(oom and ethanol the steam-bath, and water (250 ml.) added to the residual oil to 
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The 
means of a number of other reagents. These included cupric acetate, persulphates, periodic 
acid, mercuric acetate, sodium bismuthate (cf. Rigby, Nature, 1949, 164, 185), benzoquinone, 
chloranil, N-bromosuccinimide, and benzoyl peroxide. From the action of the first named, 
the Schiff's base was recovered quantitatively and unchanged No benzoxazole was isolated 
from the reaction with persulphate or periodic acid. The other reagents all gave the desired 
perimental); the yields from mercuric acetate and sodium bismuthate were very small. 
Desai, Hunter, and Khalidi (/., 1934, 1186) unsuccessfully attempted this ring-closure by 
HO OW HO 
(Iv.) 
workers. 
EXPERIMENTAL. 
(All m. p.s were determined with Anschits thermometers.) (See also B.P. Appins. 2478/49 and 
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A (100 
(000 the wns diluted with water (3000 and 
sodium hydroxide solution. Filtration followed by recrystallisation (: (from water) ve p-acetamido- 
benzonitrile (87 g.; m. p. 2066") (Found: N, 17-3. 175%, 
of sulphuric acid (300 mi.; 41 potaiom nitrate | The mixture 
then poured on ice, and the crude 3-nitro-4-acetamidobenzonitrile 
filtration. @ 1-84) and water (270 ml.) 

3-nitro-4-aminobenzonitrile 


removed by 
two recrystallisations water, gave (0 
suspension of 
was hydrogenated room | the hydrogen pressure 
Reduction 


inthe uit (Found 


detailed in Table I, the method described 
tn Gos ott). ox by tho ano of 69% 


2 
rs) 


methoryphenoi 
2 (p- -4-carbo- 
methorv phenol 


> 


7 
82 
82 
SS 
os 
90 
so 
90 
6s 
7 
&2 
82 
65 


sulphonamidophenol 


phenol 95 

Crystallisation solvents used were: A = ethanol, B = »-butanol, C = glacial acetic acid, D « 

= benzonitrile, and F pyridine. 

Found: N, 103; Cl, 13-5. CyH,ON,CI requires N, 10-9; Cl, 13-8%. * Raiford and Linsk 

Amer. Chem. Soc., 1945, 878). Found requires N, 13-1; 
* Found: N, 126; §,947. C,,H,,0, NS requires N. i2-6! (Gasaetta, 
1029, 66. 544) claims m. p. 213". * Found. 47; N, 908. Calc. for C,H,.O,N,: C. 
76-0. H, 6-06; N, #-86%. 


detailed in Table I, were obtained by neral method described in Part I (loc. cst.). 

phenol (1 g.) and chioranil (1 g.) were ‘under reflux in xylene (30 ml.) for 3 hours. 
was 


filtered and ip b le (0-72 g.), 268°, was obtained. 


of Benziminazoles and 
this from water p-acetamido- 
ON, : 
N, 31-7. Calc. for C,H,N,: N, 31-64%) | 
Schiff's base. solvent. Colour. M. p. %. found. 
N-p’- Nitrobensylidene-4-methyl-o- maroon 137° 64 16-7 16-5 
greenish - 174 16-1 14-8 
T orange 212—214 178 178 
yellow 195 11-86 116 | 
4 - yellow 239-240 148 146 
yellow 249-250 138 1460 
brown 261— 263 147 146 
yellow 236—237 15-7 16-7 
- pale 228—229 16-7 16-9 
deep 232-233 15-7 
2. 216 16-5 170 
deep red 248-—249 8-69 8:86 
golden 202203 in 10-9 
2-(p- A biscuit 232—233 9-08 8-07 | 
methoxy phenol 
2-(p-A colamidodensylidencamino)-4- aq. C 193 
\ 
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acid which, after 
Taste Il. 
Compound. solvent. Colour. M. p. 
2 


PhCN 
PLNO, pale 


sts 


* 
~ 


=) 


fon 
H 
dioxan 
AcOH 
EtOH 
AcOH 
EtOH 
PbCN 
dioxan 
PbCN 
AcOH 
nitro- 
methane 

AcOH 
AcOH 
dioxan 
AcOH 
»-BuOH 
EtOH 
AcOH 


° hase ; yield calculated 


2-p-ami 
requires N, 110%). 
u 
(m. p. 24 
0-3%). Found: N, 12-4; S, 9-96. 
ca. 230°. Pound 
p. 
o-amino- 
. ™ Found: Cl, 44-6. 


205 163 16-6 
214 
im- 288-289 25 164 16-6 
asole ¢ 
Benzoxazoles. 
6-Chloro- 1-196 05 ‘ 
6-Bromo-2- nopheny! 5 951 937 
5- 250-200 85 143 
6- Nitro-2-p-mitrophenyl 221 10 17 
5:7 2-p-metrophenyl 208-200 80 170 
5-Cyano-2-p-nitrophen 296-208 55 (15-7 15-8 
198—199 80 924 940 
274 95 9-06 903 
168169 80108 11-0 
5- Methyl-2-p-nstrophenyl 200 112 110 
5-Sulphonamido- 2-p-mitropheny! 264-255 
327-320 86 
2-0-Hydroxypheny! 123-124 26 6-63 663 
2-Trichloromethyl 57 oo ” ” 
2-Furyl 7 776 7-57 
or on hea the . © Methochloride, ; 
white plates (from water), m 255° (Found: C, 58-6; H, 13-1; Cl 116. CH 
requires C, 503. 4-6: 13-8; Cl, 11.7%). Found: C,663; H, 418. Cale ior 
C. 664; H, 435%. * Found: Ci, 13-5. Cy H,ON,CI requires Ci, 139%. * Found” $74. 
C,,H,ONCI, requires Cl, puod g * Oxidation carried out in boiling glacial acetic acid and an excess 
of lead tetra-acetate employ * Found: C, 740; H, 2-8: N, 17-4. C,,HJON, requires C, 73-5: 
H, 
89 
plat 
NCI, requires Cl, 46-0%,. 
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iff's base (1 g.) and N-b 
for 3 minates. The solvent 


(O65 mil.), and the mixture boiled under 


chloride 
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349. The Relative Reactivity of Aromatic Double Bonds. Part 11.* 
Addition of Osmium Tetroxide to Substituted | ; 2-Benzanthracenes. 
By G. M. Baporr and K. R. Lyww. 


The effect of various meso-substituents on the rate of addition of osmium tetroxide to the 
3: 4double bond of | ; 2-benzanthracene has been in ted. Methyl, acetoxymethy!, 
and phenyl! groups were found to facilitate the reaction, bromo-, acetoxy-, cyano-, 
substituents to retard the addition. meso-Methoxy- were found to exert little effect. 
The af addition to 5-methyl-1 2-8 0-dibenzac also 

0-Methoxy-| . 2-benzanthracene has been c tion of o- 
benzoic acid B-acetoxy-1 by with reagent and 
methylation with methy! sulphate. 


Tuxse compounds appear to function as “ double-bond " reagents: ozone, diazoacetic ester, 
and osmium tetroxide. These reagents readily react with ethylenic double bonds to form 
addition compounds, and they also attack certain aromatic double bonds. Ozone is the most 
vigorous reagent, even benzene and pyridine being readily, if slowly, attacked. Diazoacetic 
ester also reacts with benzene, with elimination of nitrogen. With polycyclic compounds, the 
selective addition of ozone, and of diazoacetic ester, to the more reactive double bonds only 
may be brought about. Under the conditions so far employed, osmium tetroxide does not 
attack benzene, but reacts only with aromatic bonds which have pronounced double-bond 
character. Unlike the usual electrophilic reagents, such as NO,* and Br’, etc., these double- 
bond reagents do not attack the most reactive centres in a polycyclic molecule, except in those 
cases in which the most reactive centres are situated at the extremities of the most reactive bond 
(Badger, /., 1049, 456, Cook and Schoental, ]., 1048, 170; stdem, Nature, 1948, 161, 237). 

The use of oamium tetroxide to determine the relative reactivity of aromatic double bonds 
has been described previously by one of us (Badger, loc. cit.; Badger and Reed, Nature, 1945, 
161, 238). The method has been used to study the rate of addition of osmium tetroxide to a 
series of cancer-producing compounds, especially the methyl derivatives of 1 : 2-benzanthracene 
(1), The substitution of methyl groups in this molecule was found to increase the rate of 
addition to the 3; 4-bond, the magnitude of the increase being dependent on the position of 
substitution. It was also found that a cyano-group markedly reduced the rate of addition. A 
further series of compounds has now been examined, in an attempt to evaluate the effect of 
other substituent groups on the density of « electrons on the 3: 4-bond. In the earlier work 
it was found that methyl groups exerted the maximum effect when present as meso-substituents. 
For this reason most of the compounds in the present series are meso-substituted benzanthracenes. 
The rate of addition to 5-methyl-) : 2-8 : ®-dibenzacridine (II) has also been examined. 


The reactions were carried out, as previously reported, in pure chloroform containing 4°, 
pyridine at 20°. The progress of the reaction was followed by removing aliquot portions at 
* J., 1040, 456, is regarde as Part I of this series. 


1726 
under reGux in dry carbon tetrachloride was removed and the residuc washed : 
with hot water and recrystallised twice from xylene to give pale yellow needies (0-4 g.), => 268". : 
reflux for 30 minutes. The (m. p. 261 ; 
separated on cooling and was recrystallised from xylene. Yield 6-4 
Mixed m. p.s with material prepared by lead tetra-acetate oxidation ( 1 ott.) were carried ‘ 
cm@t im each of the above cases j 

rimental 
| 
| | | 
i 

ty 
(IL) 
+ 
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Suitable intervals and estimating the colour intensity of the solution (and hence the concentration 
of the complex) with a Spekker absorptiometer. The rate constants for the present series of 


The earlier work showed clearly that methyl! substituents facilitate the addition of osmium 
drawing electrons from the double bond. The present work confirms the activating influence 
of the methyl group. For example, 10-acetoxy-9-methyl-1 : 2-benzanthracene reacted more 
rapidly than 10-acetoxy-1 : 2-benzanthracene, and 10-bromo-9-methyl-1 : 2-benzanthracene 
reacted more rapidly than 10-bromo-1 : 2-benzanthracene. Furthermore, 5-methyl-1 : 2-8 : 9 
dibenzacridine (II) reacted with osmium tetroxide more rapidly than | : 2-benzanthracene. 
This is interesting, for the activating influence of the methyl group is offset to some extent by 
the deactivating influence of the heterocyclic nitrogen atom, and the addition was found to take 
place only slightly less rapidly than with 10-methyl-1 : 2-benzanthracene. 


Rate of addition of osmium tetroxide to substituted | : 2-benzanthracenes, in 4°, pyridine in 
chloroform, at 20°. (hk, in g.-mol.~‘sec.~41.) 


5-Methyl- i : 2-8 : 9-dibenzacridine ......... 
10-Bromo-9-methyl-1 : 2-benzanthracene 0-74 10-Cyano-9-methyl-1  2-benzanthracene 0-40 * 
: 10-Diphenyl-1 : 2-benzanthracene ...... 0-70 10-Acetoxy-1 : 2- thracene ......... 
ge 2-benzanthracene 0-62 10-Bromo-! : 2-benzanthracene ............ 0-27 
Acetoxymethyl-1 2-b th 


The acetoxymethyl group is also activating, although less so than the methyl group, for 
10-acetoxymethyl-1 : 2-benzanthracene formed the addition complex with osmium tetroxide 
more rapidly than | ; 2-benZanthracene, but less rapidly than 10-methyl-1 : 2-benzanthracene, 
meso-Acetoxy- and meso-bromo-groups were found to retard the addition, and meso-methoxy- 
groups had little or no effect on the rate of reaction. meso-Phenyl groups appear to activate the 
3: 4-bond, the rate of addition to 9 : 10-diphenyl-1 : 2-benzanthracene being greater than that 
to unsubstituted benzanthracene. 

In some respects, these results may seem surprising. For example, it is well known that in 
electrophilic substitutions of benzene derivatives, the methoxy-group is very strongly activating 
and ortho-para directing, whereas in the present case it seems to exert little or no effect. More- 
over, the acetoxy-group is usually regarded as a weak activating group, yet it seems to act as 
a deactivating substituent in the present reaction. It must be remembered, however, that 


(Iv) 


methoxy- and acetoxy-groups have inductive and tautomeric effects which are opposite in sign, 
so that it is impossible to estimate, with any degree of certainty, the net effect on a reaction rate. 
It is known, however, that the +7 effect of the methoxy-group is almost wholly a 

effect (Bunton, Minkoff, and Reed, J., 1947, 1416), and in almost all the known cases this + 7 
effect easily predominates over the —/ effect. The explanation for the present results may well 
be that in anthracene derivatives, meso-methoxy- and r::so-acetoxy-groups cannot be coplanar 
rn en ened Amer, Chem. Soc., 1945, 67, 2127; Spruit, Rec. Trav. chim., 1949, 
68, 325). Moreover, in benzanthracene derivatives the interference with the “ bens ” ring is 
very considerable indeed. In these circumstances it is not surprising that these groups do 
not exert the same activating effects as in simple benzene derivatives. 

On the other hand, 9 : 10-diphenyl-1 : 2-benzanthracene (III) must also be non-coplanar, 


its 10-methyl and 9 : 10-dimethy! derivatives being included for reference. 
Compound. 10° Ay. Compound. 10* Ay. 
9: 10-Dimethy!-1 : 2-benzanthracenc ... 2-7° 9-Methoxy-1: 2-benzanthracene ....... 0-55 
* Badger (J., 1049, 456.) 
O, 
i 
H 
ait) 
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and the phenyl groups cannot be conjugated with the ring system to any marked extent. 
Nevertheless, meso-pheny! groups do increase the rate of addition of osmium tetroxide. In 
5-phenyl-1 : 2-3: 4-dibenazpyrene (V). This compound is theoretically derived from 9 : 10-di- 
phenyl-1 : 2-benzanthracene (ILI) by the loss of two hydrogen atoms. It must be admitted, 
however, that this conversion could not be brought about directly by heating with 
dehydrogenating agents. Clar's method (Ber., 1930, 63, 119), involving the isomerisation of 
(LL) to (LV) with aluminium chloride, followed by dehydrogenation, was found to give excellent 
results. In 6-phenyl-I ; 2-3 : 4-dibenzpyrene, only one phenyl group is non-coplanar, and the 
conversion of (LI) into (V) was found to cause a profound redistribution of the « electrons, for 
(V) reacted so slowly with osmium tetroxide that its rate could not be accurately measured by 
the present procedure. 

It is of some interest to compare the present results with those of similar experiments on the 
addition of maleic anhydride, and the photo-addition of oxygen, to the 
anthracene derivatives. Bachmann and Kloetzel (J. Amer. Chem. Soc., 
example, found that whilst meso-methyl and -ethyl groups increased the rate of addition of 
maleic anhydride, meso-phenyl groups had a retarding influence. On the other hand, Dufraisse 
and Bras (Compt. rend., 1943, 216, 60) found that meso-phenyl groups increased the rate of 
photo-oxidation of anthracene derivatives. meso-Acetoxy-groups were found to retard the 
addition, as was the case with the usual deactivating groups such as cyano-, carbethoxy-, and 
carbamy! (Dufraisse and Mathieu, Bull. Soc. chim., 1947, 307). 
9: 10-dimethoxyan i 


U., 1935, 1367). Reduction with activated zinc dust and dilute sodium hydroxide gave 
o-2-naphthylmethylbenzoic acid, which was cyclised by zinc chloride and acetic anhydride to 
®-acelory-1 : 2-benzanthracene (compare Fieser and Hershberg, J. Amer. Chem. Soc., 1937, 58, 
1028). The same acetoxybenzanthracene was also obtained, with some difficulty, by acetylation 
of crude 1 : 2-benz-9-anthrone prepared by reduction of | : 2-benzanthraquinone with aluminium 
powder in sulphuric acid (Cook, /., 1930, 1004). The desired %methoxy-derivative was 


obtained from acetoxybenzanthracene by cleavage with n-butylmagnesium bromide, followed 
by methylation with methy! sulphate (compare Fieser and Hershberg, /oc. cit.). 

9 : 10-Diacetory-1 : 2-benzanthracene was obtained by reductive acetylation of 1 : 2-benz- 
anthraquinone with zinc dust and acetic anhydride, and 9: 10-dimethoxy-! : 2-benzanthracene 
by reductive methylation (Berenblum and Schoental, Cancer Res., 1943, 3, 686). 


Acid —-o-2-Naphthoylbenzoic acid (10 g.) (Weizmann, and 
in, low. est.) was added to a suspension of zinc dust (15 g.) (which had been activa by contact 
with a 3% solution of copper sulphate for 5 minutes) and 2n-sodium hydroxide solution (225 c.c.), — 
the resulting mixture was heated on the water-bath for 18 —. | — entey7 | Ibenzoic acid 
(@2 «.) formed colourless crystals, m. p. 135", from toluene. , 1935, 1031) 
ve m 
1 2-benzanthracene —(a) A solution of the naphth acid (5 g.) and zinc 
chloride (0-4 g.) in glacial acetic acid (30 c.c.) and acetic anhydride (20 c.c.) was boiled under reflux for 
Ig bours. The solution was diluted with a large volume of water, and the resulting precipitate dissolved 
in benzene. After extraction of the benzene solution with dilute sodium carbonate solution, and then 
water, the solvent was removed. §-Acefory-1 : 2-benzanthracene (2-2 g.) formed almost colourless 
carts m. p. 141—142", from alcohol (Found : C, 83-9; H, 50. C,H,.O, requires C, 83-0; 

(b) same product was obtained, in poor yield, when crude | : 2-benz-9-anthrone (Cook, Joc. esd.) 
was boiled for hour with acetic and sodium acetate. 

0-Methory-| : 2-benzanthracene (2 g.) was added to a solution of 
#-butylmagnesium bromide (from 3-84 c.c. of »-butyl bromide) in anhydrous ether, and the mixture 
refluxed for | hour. Methy! sul (14-2 g.) in dry toluene (50 c.c.) was then added, and the mixture 
heated on the steam-bath, for 4 hours, allowing the ether to distil. Water was added, and the product 
was heated with stirring for a tarther hour to decompose the excess of reagent. The washed toluene 
layer was diluted with benzene, dried, and passed through a column of alumina to remove unchanged 
anthranol. Crystallisation of the residue from light petroleum 2-benzanthracene 
104° (Found C, 885; H, 5-6. O requires C, 88-3 ; 

formed dark red-brown m. p. from alcohol (Found Cc, 61 

:  2-bensanthracene—A mixture of 1 : 2-b 
end covtle (580 was boiled under reflux for 1 hour. 


| 
| 
and Priow (Bull. Soc. chim., 1939, 6, 1649). 
For the preparation of ®methoxy-1 : 2-benzanthracene, 0-2-naphthoylbenzoic acid was i 
| 
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-) 
' alternately with meth te and 
i completely . The 


loc. 


We are indebted to Dr. Ng. Ph. Buu-Hol for a of 5-methyl-1 : 2-8: 9-dibenzacridine and to 
Mr. R. Howard for the ” 


Jounson Cuzmicat Laporatortes, Untversity or Apgtaipe. (Received, February lich, 1950.) 


350. The Mechanism of Hydrolysis of Acid Chlorides. Part I. The 
Effect of Hydroxyl Ions, Temperature, and Substituents on the Rate 
of Hydrolysis of Benzoyl Chloride. 

By R. F. Hupsow and J. E, 
The velocity of hydrolysis of bengoy! chloride has been measured electrically 50% 


acetone as solvent. Hydrogen-ion not detected, in 
observations. It was found that the ra of the bimolecular constant for 
reaction with hydroxy! ions to the velocity constant of the pseud reaction for 


the neutral hydrolysis is of the same order as the hydrolyan of bens! chionde In addition, 
the activation energies for the neutral hydrolysis of benzoyl! chloride and several p-substituted 
alcoholysis in a solvent of lower ionising power. These results have been in in terms 
i ion and unimolecular a conclusion 


In support of this mechanism, it is found that substituents which increase 
the electron density at the reactive carbon atom increase the rate of reaction (Olivier and Berger, 
Rec. Trav. chim., 1926, 45, 452; 1930, 40, 697). The effect of introducing an oxygen atom 
at the reactive carbon atom is to withdraw electrons from the seat of reaction, and hence to 
promote a bimolecular mechanism (Hughes, Trans. Faraday Soc., 1941, 37, 613). The effect 
of substituents on the rate of a bimolecular reaction is less definite than for a unimolecular 
mechanism, owing to the relative complexity of a bimolecular transition state (see Hinshelwood, 
Laudler, and Timm, /., 1938, 848). It is not surprising therefore that difficulty has been 

in interpreting the experimental! data in terms of this mechanism. 

The hydrolyses of benzyl and benzoy! halides are similar in the following ways: (1) The rate 
is unafiected by the hydrogen-ion concentration, but is increased by addition of hydroxy! ions 
(Olivier and Berger, Rec. Trav. chim., 1927, 46, 609; Beste and Hammett, /. Amer. Chem. 
Soe., 1940, 62, 2481). (2) The effect of solvent in both cases is such that the rate of hydrolysis 
increases considerably with increasing ionising power of the solvent. (3) Benzyl halides show 
positive salt effects (Hateman, Church, Hughes, Ingold, and Taher, /., 1940, 979). The benzoyl 
halides exhibit salt effects of a comparable magnitude (Peeling, Ph.D. Thesis, London, 1946). 

On the other hand, the effect of substituents on the rate of hydrolysis of benzyl! chloride is 
the reverse of the effect on the rate of the alcoholysis of benzoyl chloride. This is usually 
quoted as evidence of the bimolecular nature of the latter reactioh. The effect of substituents 
on the rate of hydrolysis of benzoyl chloride differs greatly from the effect on the rate of the 
alcoholysis—and the former reaction cannot be interpreted simply in terms of any one mechanism. 

Previous methods of following the rate of hydrolysis of benzoyl chloride were not of a high 
degree of accuracy, owing to the use of titration methods in relatively rapid reactions. An 
E.M.F. method similar to that developed by Ross and Swain (J. Amer. Chem. Soc., 1946, 68, 
658) was used in the present work, and enabled activation energies to be determined and the 
effect of hydroxyl ions to be investigated. In addition, the original conclusion of Olivier and 
Berger that hydrogen ions have no effect on the rate was confirmed. 


834; H, 55. Cale. for C,H,,O,: C, 833; H, Bereablum and Schoental (lee. ett.) give 
m. p. of its complex with osmium tetroxide (cf. Cook and Schoental, loc. cit.) 
which is supported fully by alcoholysis studies. | 
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It is observed that hydroxy! ions increase the rate of hydrolysis by a bimolecular reaction 
on the pseudo-unimolecular solvolysis, as in the case of benzyl chloride (Beste 
and Hammett, loc. cit.). Thus the overall rate of reaction is give by the expression, 
ds/dt kyla — 2) + Ayla — — 2) 
where (4 — #) is the concentration of benzoyl chloride, and (b — +) that of hydroxide ions at 
time ¢, 4, the pseud lecular constant for the neutral hydrolysis, and 4, the bimolecular 
constant for the reaction with hydroxy! ions. 
Evaluation of A, for the hydrolysis of benzoy! and benzyl chlorides shows that the bimolecular 
reaction with hydroxyl ions affects the overall rate to approximately the same extent in the 
two cases, as shown by the following values : 


Water 0 


As A, increases greatly with increase in the dielectric constant D, it follows that the hydroxyl-ion 
effect is almost identical for the two substances. In some cases where the reaction is thought 
to be bimolecular, ¢.g., the hydrolysis of acetic anhydride (Gold, Trans. Faraday Soc., 1948, 4, 
506), the ratio is much greater, ca. 10*. These results indicate that benzoyl chloride may be 
hydrolysed by a Syl mechanism in highly aqueous solvents, a possibility which is supported by 
the following experimental results. 

Table I records the activation energies for the neutral hydrolyses of benzoy! chloride and 
p-substituted benzoyl! chlorides. These values, when compared with corresponding values for 
the alcoholysis of triphenylmethyl and benzoyl chlorides, show that substituents in the 
f- position have little effect on E, although the rate is affected considerably (see below). 


Taste I. 


15,600 
16,700 
16,100 
15,800 


* Alcoholysis in 40 60 ethy! alcohol-ether ; end Amer. Chem. Soc., 1936, 58, 
» ~ Tae * Alcoholysis in pure ethy! alcohol; Norris and Young, +did., 1935, §7, 1420. * Present 


The effect of substituents on activation energy has been discussed fully by Hinshelwood, 
Laidier, and Timm (loc. cit.) in terms of electron accession at the seat of reaction. It has been 
observed that / increases as the strength of the C-Cl bond increases in certain reactions which 
are thought to be governed by preliminary ionisation. In the alcoholysis of the benzoyl 
chlorides in alcohol-ether mixtures, however (Nixon and Branch, ]. Amer. Chem. Soc., 1936, 
58, 2499), the effect of substituents on E shows it to be governed mainly by the repulsion 
energy. In this bimolecular reaction, substituents increase the energy of activation in the 
order, NO, < Br < Cl < H < CH, < CH,O, as these groups increase the electron density 
at the seat of reaction in the same order. The present work dealing with the hydrolysis 
has shown that £ remains almost constant with substitution, but is somewhat less for the 
p-CH, and p-NO,-compounds than for the unsubstituted chloride. This indicates that in the 
hydrolysis of unsubstituted benzoyl chloride the C-Cl bond strength and the repulsion energy 
contribute equally to the activation energy. 

In a highly aqueous medium, therefore, reaction may proceed either by unimolecular 
solvolysis or by bimolecular substitution. Thus methyl substitution increases the rate and 
decreases £, as reaction proceeds mainly by the ionisation mechanism, whereas the nitro-group 
increases the rate by promoting the bimolecular reaction. The possibility of this change in 
mechanism has been discussed briefly by Hughes (Trans. Faraday Soc., 1941, 37, 601), to explain 
the effect of substitution on the rate of solvolysis in pure alcohols. 

The results for alcoholysis will now be reviewed in greater detail. It is seen from Table II 
that increasing the ionising power of the solvent changes the order of the activation energies. 


Hydrolysis Medium. D, 20°. Ay/hy. 
if (a) Present work. (6) Beste and Hammett. 
| 
| | 
hydrolysis” 
p-Substituent. ‘triphenyimethyl chlorides. benzoyl chlorides. 
13,480 13,850 14,120 
13,420 | 14,400 15,530 
Cc 
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preponderates. 

the effect of the position of the substituent, it is noted that in the hydrolysis 
and alcoholysis (Norris and Young, Joc. cit.; Olivier ef ai., Joc. cit.) the rates for the methyl and 
nitro-compounds change in reverse orders: o- > m-~ »-CH,; o- <q m-< p-NO,. Although 
ortho-groups often introduce anomalies in rate (Hughes, Quart. Reviews, 1948, 2, 107), these 
sequences indicate that the effect of the o-methyl group in releasing electrons is much greater 
than the effect produced by the m- or p-group, and consequently the unimolecular mechanism 
is promoted to a greater extent. In the second case, the m- and the p-nitro-group greatly 
increase the rate of the bimolecular reaction by removing electrons from the reactive carbon 
atom. For the orthe-compound, however, the rate is decreased considerably owing to the 
steric hindrance offered by the large nitro-group to an approaching water dipole. It is 
significant that the activation energy for the alcoholysis, with pure ethy! alcohol, of the o-nitro- 
compound (12°9 kcals.) is much less than that of the o-methyl compound (16°5 kcals.), although 
the rate of alcoholysis of the latter compound is greater than that of the former (Norris and 
Young, loc. cit.). 

Finally the peculiar di-ortho-effects in the alcoholyses provide strong support for the theory 
that the benzoy! chlorides may be hydrolysed by alternative mechanisms. Norris and Ware 
UJ. Amer. Chem. Soc., 1939, 61, 1418) found that 2 : 6- and 2 : 4 : 6-substituents affect the rate 
in two distinct ways. Positive groups (i.¢., electron-repelling with respect to hydrogen), ¢.¢., 
methyl, methoxy-, and ethoxy-, reacted so fast in the pure alcohol that the actual rate could not 
be measured. On the other hand negative groups, ¢.g., nitro-, bromo-, and chloro-, decrease the 


That steric hindrance is not exhibited by the di- and trimethyl, -methoxy-, and -ethoxy- 
compounds shows that these are hydrolysed by a different mechanism, which does not involve 
the close approach of an attacking molecule. These positive groups in the ortho-positions 
would promote unimolecular solvolysis, the rate of which is unaffected by steric hindrance. In 


of Materials —Commercial 
times, traction p. 196°) obtained 


from p- 
ti trom light petrcicum (b. p. 000"), had m. p. 
Bromotoluene and permanganate at fr day) gave p-bromobensoi acim. 
249°. The acid was uxed with the — Ke erade brome was Fe and when 
reaction ceased, extracted with light petroleum (b pos" crude bromide was recrystallised 


light petroleum several tires to give pure proxct, m 
; were shaken /2 hour with 


te solu ene S of concentrated sulphuric acid, and then 
acetone was distilled off through a 5 ft. Vigreux column. =o 
th 60 mi. of concentrated silver nitrate solution and 20 ml. of 2Nn-sodium bh 
mixture hac been 


il 


of the concentration cell was employed in 
electrode, immersed in the hydrolysing solution, set up an E.M.F. 


(1950) 1731 
Tasie Il. 
Order of E. Solvent. D, 20°. 
CH y> 40%, ether 60% 12-6 
Br>H>CHy Water 50%, acetone 60%, 51-2 
In a solution of low alcohol content, the methyl-substituted chloride is apparently hydrolysed 
according to a bimolecular mechanism, as also is the unsubstituted chloride, but in pure alcohol 
rate considerably. Here we are concerned with very large differences in rate—much greater 
than the changes caused by monosubstitution. Steric hindrance has been suggested to explain 
the large reductions in rate, a similar reduction being observed in the hydrolysis of 2 : 6-di- 
bromobenzoyl chloride (Olivier, Rec. Trav. chim., 1929, 48, 227). 
support of this mechanism, Hughes (loc. cit.) has observed that hydroxyl ions have very little 
catalytic effect on the rate of alcoholysis of 2 : 4: 6-trimethylbenzoyl chloride. 
EXPERIMENTAL. 
was distilled under reduced pressure several 
under atmospheric pressure. This was 
a and attached to a microburette. The 
joride was admitted, and all openings to the 
air were connected to tubes containing calcium chloride and phosphoric oxide. 
?-Toluoy! chloride, prepared from p-toluic acid by phosphorus pentachloride and purified by 
distillation at reduced pressure, had b. p. 102°/15 mm 
m). 
set 
late 
ide. 
me was subsequently decanted into a distillation flask, treated 
again. The collected fraction, b. p. 56-—57°, was allowed to 
chioride, and fractionated as before, the first 50 ml. being 
in a bottle fitted with a calcium chloride guard-tube 
hydrolysis. A silver/silver 
‘ 
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a small fibre gear-wheel to two 


of 
were fitted to two hentia tase Eq chhoridiesd 
. were wound spirally round the stirrers and 
contact with a small quantity of mercury placed in each ‘ 


H 
i 


i 


stirred slowly until the liquids reached the temperature of the bath. In the meantime two 25-ml. 
portions of purified acetone, in separate dry boiling tubes, were cooled for ¢ hour in an alcohol-carbon 
dioxide bath at —41-5°. Several drops of benzoyl chloride were added from the storage microb 

to one of these samples, so that the ximate concentration was known. The acetone was then 
quickly added to the nitrate solution in the titration cell, followed a known volume (1 drop) of 
standard hydrochloric acid. The reaction was then started by rapid of the cooled solution of 
benzoyl! c in acetone to the other beaker. A stop watch was started immediately after the 
addition, which took approx. | second, and the time observed when the galvanometer was not deflected. 
A further drop of hydrochloric acid was added from the microburette to the calibration cell and a second 
balance time obtained, this procedure being continued until the sensitivity of the system became too low 
for accurate measurements. 

At the end of the experiment, the hydrol solution was transferred to a 400-ml. beaker and 
analysed gravimetrically as silver chloride. reactions were in the presence of potassium 
Bitrate to eliminate solution junction potentials as far as 

Similar procedures were adopted in the experiments using substituted chlorides. In the 
case of the two solid derivatives, the samples were weigbed directly into the acetone solutions. 

The chief dithculty encountered in these experiments was the temperature control, owing to the large 
heat of mixing of acetone and water. Thus the acetone had to be pre-cooled to —41-5° to obtain a 
final temperature of ca. 0", so that in no two cases could the temperature be exactly reproduced. In 
the following results the rate constants are corrected in some cases to obtain 0° values where comparisons 
are required, utilising the experimentally determined temperature coefficient. 

Results.—(a) The effect of hydrogen ions. Small quantities of nitric acid were added to the reaction 
mixture and also to the titration cell, and the rate of hydrolysis was determined. Control ry wos meg 
an the absence of nitric acid, but with small known quantities of added water, were performed to determine 
the accelerating influence of the water in the added nitric acid solution. Table III shows that there is 

with observations of 
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was used as a null-point instrument, 
ee ee ion cell. The apparatus is shown diagrammatically in 
= constant electric motor was connected through 
wer 
¢ stirrers were allowed to rotate in the centre of two 100-ml. beakers which 
fan agar-salt bridge. One beaker contained the reacting solution, the other 
cell, and both were fixed in a small thermostatically controlled bath. 
| Fie. 2. 
| | | 
+ 
o 
4 
vier TEeT (soe. 


Hydrolysis of Acid Chlorides. Part 1. 
Taste Ill. 
00073 


(b) The effect of hydroxyl ions. See Table IV. 
Tasie IV. 
Temp.,*c. C,HyCOCI(«). NaOH (). 
0.0058 06-0062 
0-0062 


8 
Fractional decomposition 
= 0-035 min, 1. /g.-mol. 
(de 
007" 
This approximate method was used because integration of the fundamental equation 


ds/dt — — #) + Ayla — — ») 
leads to the following complex solution which cannot be used directly to determine 4, : 


Iti that for 50 the ratio = 20, the of which has 
% aqueous-acetone mixtures, significance 


E (4300 cals). logy. B. 
16,100 


99 
16,600 10-3 
15,800 


Detailed results of velocity constants at three temperatures 

h, against 1/7 in . 2. Table V also includes values of 
(—E/RT) +in B. The 


We thank Prof. J. R. Partington for his interest and advice, Dr. R. F. Garwood with whom several 
discussions were held, and the Central Research Fund for financial assistance. 
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Temp., *c. 
0-0322 
09 0.00860 06-0137 0-606 0-0367 0-0336 
0-6 00147 06-0137 0-506 0-033 06-0310 
On 0-0109 0-027 1-179 00361 0.0333 
07 0-0093 0-323 00340 0-0316 
0-0124 0 506 0-0355 0-0330 
0-7 0.00985 1-178 0-0365 0.0340 
Thus in contrast to several other similar compounds a labile chlorine atom 
of ond of From the results in the above 
table, from many other experiments, it was found that the rate of reaction is almost independent of 
benzoy! chloride concentration in the range 0-004—0-03n. 
ns.). Initial rate.* 1./g.-mol./min. 
0-0401 0-82 
0-0392 0-70 
09 0-0129 0-0224 0-0541 0-85 
0 224 0 0224 15--0 0-0497 0-67 
(c) Temperature and substituents. 
Taste V. 
Temp., “c. min. 
Benzoy! chloride... 0-7 
a4 0-0625 
83 0-0770 
p-Bromobenzoy! chloride ...... 0-7 0-0. 
50 0-0618 
Nitrobenzoy! chloride os pat 
a 47 0-692 
p-Toluoyl 
8-5 0-250 
are given in Table V, and the of 
activation energy E and 
simple Arrhenius equation, In 4, = 
has already been discussed. 
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351. The isoPropylidene Derivatives of v-Altrose and 
1 : 6-Anhydro-$-p-altrose. 
By F. H. Newrn and L. F. Wicorns. 


When the equilibrium mixture of b-altrose and 1 : 6-anhydro-g-p-altrose is treated with 
acetone in the presence of sulphuric acid, three i lidene derivatives are obtained - 
3: 4-ts0pre 1: Ganhydro-f-p-altrose, 1: 2- and 1: 2-5: 6-diisopropylidene 

ompounds. rd compound which Steiger and Reichstein \ 
Chie. Acta, 108, 19, 1011) obtained by the treatment of pD-altrose itself with acetone. 


It was shown by Hudson and Richtmyer (J. Amer. Chem. Soc., 1935, 57, 1716) that, in acid 
solution, altrose gives rise to an equilibriam mixture of the sugar itself and 1 : 6-anhydro- 
f-p-altropyranose (1), the latter compound being later (idem, ibid., 1940, 62, 961) isolated in 
crystalline form. A study has now been made of the products which are obtained when this 
mixture of D-altrose and | : 6-anhydro-$-p-altrose is condensed with acetone. 

The starting material (A) was obtained by the acid hydrolysis of 4 : 6-benzylidene a-methy!- 
p-altroside (11), prepared from 4: 6-benzylidene 2 : 3-anhydro-a-methyl-p-alloside. It was a 
syrup which showed a specific rotation practically identical with that recorded by Hudson and 
Richtmyer for the product obtained by the treatment of p-altrose with hydrochloric acid. That 
1 ; 6-anhydro-§-p-altrose was indeed present was shown by acetylation of the mixture and 


o 
H 


HO-CH, 
CH,OH O-C-H 


K 4 \ 
6f —CMe “CMe 
Mel ——O H Mee ——O 

wn (vin 


crystallisation, from the product, of 2: 3: 4-triacetyl 1 : 6-anbydro-$-p-altrose. Deacetylation 
of this gave a syrup from which crystalline | : 6-anhydro-$-p-altrose separated after seeding with 
an authentic specimen kindly provided by Dr. N. K. Richtmyer. 1: 6-Anhydro-8-p-altrose and 
acetone containing a small amount of sulphuric acid gave 3 : 4-isopropylidene 1 : 6-anhydro-8- 
p-altrose (III), the structure of which was established by the following observations. With 
silver oxide and methy! iodide it gave a monomethyl derivative, 2-methyi 3 : 4-isopropylidene 
1 ; 6-anhydro-§-p-altrose (IV), which was hydrolysed by acetic acid to 2-methy/ 1 : 6-anhydro-8-p- 
altrose (V). When this substance was oxidised with lead tetra-acetate (Hockett and McClenahan, 
J. Amer, Chem. Soc., 1939, 61, 1667), the reaction followed the normal course for a compound 
containing one cis-glycol group, one atomic proportion of oxygen being rapidly consumed (see 
figure). Hence, in (III), the ssopropylidene residue must be allocated to C,, and C,. More- 
over, the 2-chloro 3: 4-diacetyl 1 : 6-anhydro-2-deoxy-§-p-altrose of known structure described 
by Newth, Overend, and Wiggins (J., 1947, 10), on deacetylation, gave crystalline 2-chloro- 
1 : 6-anhydro-2-deoxy-5-D-altrose (V1), which behaved in the same way with lead tetra-acetate 


i 
| Ny, 
On OH H 
(hy) aL) (ul) 
CH, o 
H 
Mey o Hu OH H OH H 
vy) (v1) 
H 
H 
: OH H 
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2-toluene-p-sulphonyl 3 : 4-isopropylidene 1 D-altrose. 


The reaction of the equilibrium mixture (4) with acetone in the presence of sulphuric acid 
& mixture of liquid ssopropylidene derivatives. With toluene-p-sulphonyl chlonde in 
pyridine this gave crystalline 2- lphonyl 3 4-tsopropylidene | : 6-anhydro-§-p-altrose, 
identical with the compound described above, in yield corresponding very closely with that 
from the work of Hudson and Richtmyer on the equilibrium mixtare of b-altrose and 
1 : 6-anhydro-$-p-altrose; reductive removal of the tol P-sulphony! group with sodium 
amalgam in alcohol afforded smoothly 3: 4-isopropylidene I: 6-anhydro--p-altrose (III). 
After separation of the crystalline toluene-p-sulphony! derivative, the residual syrup (B) was 
treated with sodium iodide in acetone at 110°. Sodium tol 
which indicated the detachment of a toluene-p 
group. Sodium amalgam in alcohol removed the t ol 
found to contain two diisopropylidene derivatives of p-altrose. ‘The first was a liquid, non- -reducing 
diisopropylidene p-alirose which gave a carboxylic acid on oxidation with alkaline permanganate. 
This acid still contained two tsopropylidene residues and gave a positive naphtharesorcinol test for 
uronic acids, a liquid methyl ester, and a crystalline amide. The diisopropylidene altrose must 
therefore possess a free hydroxyl group atC,,. Depending on whether altrose in this compound 
has the pyranose or furanose structure, the dissopropylidene residues must involve C, ,,.C.,, Cy, and 
(a) Cg, oF (6) Cy. On the assumption that altrose here exists in the pyranose modification there are 
three allocations of the isopropylidene residues, namely to positions | : 3-2 : 4,1: 2-3: 4 
(VII), or 1:4-2:3. Scale models show that of these only (VII) is sterically possible. If, 
however, p-altrose assumed the furanose modification, then 1: 2-3: 5 (VIII), 1: 5-2: 3, or 
1: 3-2: 5 would be theoretically possible positions for the attachment of the isopropylidene 
residues, but of these only (VIII) is at all probable on steric grounds. Although there is a 
precedent for the 3: because Ohle and 
Vargha (Ber., 1928, 61, 1203) prepared 6-tol Iphonyl 1 : 2-3 : 5-dissopropylidene p-gluco- 
furanose from 6-toluene-p-sulphony! : 2-ssopropylidene D-glucofurancee, it was only possible 
to prepare such a compound when ketal formation on adjacent carbon atoms was prohibited. 
Therefore, although the liquid compound, on the evidence at present available, may be either 
1. 2-3 : 4-ditsopropylidene p-altropyranose (VII) or | : 2-3 : 5-diisopropylidene p-altrofuranose 


(VII1), we favour the former, but further work is required to prove this contention definitely. 

The crystalline component of the syrup (B) was the 1 : 2-5 : 6-diisopropylidene p-altrofuranose 
(LX) obtained from p-altrose itself by Steiger and Reichstein (Helv. Chim. Acta, 1936, 19, 1011) 
who indicated its structure. 


of 4:0 Methyi-p-aliroside ; Hudson and Kichtmyer, 
. Amer. Chem. Soc., 1941, 63, 1716) was dissolved in 5% sulphuric acid Sno c.c.), and the solw 
under reflux for 17 hours and, when cool, extrac with ether to remove benzaldeh . twas 
then made slightly alkaline with barium hydroxide and immediately neutralised with dioxide. 
The solution was filtered, the residue was washed with water, and the filtrate and washings were 
ees ae under diminished pressure to a syrup (24-0 .) containing a mixture of p-altrose and 
ydro-8-p-altrose and showing (a ~ 94-6" in water (c, 2-08). Hudson and Richtmyer (/. Amer. 
Chem. Soc., 87, 1721) give (aly * for this mixture. A portion (6 g.) of the acetylated in 
above acthors, gave 2:3: 4-triacety! | : 6-anh (5-5 ¢.), 
tion from alcohol. 
1 : above triacetyl derivative (2 g.) 
wan tn dep (10 c.c.) and a trace of sodium added. 
the solution was ev. ted to give 1 : 6-anhydro-8-p-altrose as a clear we hs fi small portion 
y when seeded with an authentic specimen kindly prov: Br: 
in water (c, 0-49). . in admixture with the authentic specimen sh 
Richtmyer (J. Amer. Chem. Soc., 1939, 61, 214) described 1 : ydro-f-p-altrose as having m. p. 135°, 
but with , and —215" in water 
3: 4-iso. 6- A 1 : 6-anhydro-f- obtained 
on y Lhter Bes of the crystalline triacetate was shaken overnight with acetone 
concentrated sulphuric acid (O-lc.c.). After neutralisation of the acid with anh 
were evaporated and a syrup (1:1 g.) was obtained, ha Corr pe 
160" im chloroform ¢, 7-56) and wf 1- 


—171° im chloroform 1-0) (Found: H, 
4-isoPropylidene 1 6 4-isoPropylidene 1 : 6- 


2- Tolwene-p-sulphomyi 


1736 The isoPropylidene Derivatives of D-Altrose, etc. 
anhydro-f-p-altrose (1-3 g.) was dissolved in dry pyridine (10 c.c.), and tolu p-sulphonyl chloride 
‘ the into water, 
chloroform (¢, (Pound : 53-7; H, C,,H,O S requires C. 53. 
Reduction of Sodswm 


2 3 alan 
suspended in 90% meth c.c.) 


The dry residue which was obtained when the combined 


M 4-isoPropylidene 16-4 p-altrose 4-150 lidene | : 6-anhydro-8-p-altrose 
with dry silver oxide methyl! iodide at 45° 12 hoars. 

ont end treated twice more with the reagents. Final 
of the solvent 110° (bath temp.)/0-01 mm. as a colourless 
lidene 6-anhydro-§-D-altvose which showed 1-4689 
C, 55-5; H, 73. ©. 55-5; H, 7-4%). 
6-anhydro-g-D-altrose (0-25 g.) 
balled under wlth 90% acid (84 c.c.) 3 hours. was then com 

Evaporation under diminished pressure aff 
Rates of oxidation of derivatives of 6-anhydro- 00 (0-06 g.) at 

altrose with lead tetraacetate 165" (bath mm 
10 1 6-anhydro-B-v-altrose showed aft 1.4002 

C,H,,0, requires C, 47-7 

Or of 2-Methyl 1 6-An with 
Lead tha substance 0088 
solved in glacial acetic acid (49 cc.) was added 


up to 100 cc. 10-C.c. portions were withdrawn at 
intervals and run into 20 c.c. of a buffer solution con- 
taining sodium acetate (250 g. /l.) and potassium iodide 
(20 g./l.). The iodide liberated was titrated with 
0-02N-sodium ween solution. See figure. 

prepared wth, Overead, and 

Mours (0-71 pre was d 
1. 2-Methy! | : 6-anhydro-B-v-altrose. (10 c.c.), and a trace of sodium added. After being 
11, 2-Cilore 1: 6-anhydro- kept overnight the solution was evaporated to give 
rystalline 2-Chloro-1 6-anhydro-2-deoxy- 
from ethyl acetate, termed clusters of plates (0-40 g.), m. 

—224° in alcohol (¢, 1-045) (Found : C, 40-1; uires C, 40-0; 50 

Omsidation of 2-Chloro-1 su 
(0-0756 g.) was oxidised with lead tetra-acetate in oe manner yal above (see also figure). 

Treatment of the b-Alirose~| : 6-An*ydro-f-p-altrose Mixture with Acetone.—The syrupy mixture 
25 g.) was shaken with acetone (400 c.c.) containing concentrated sulphuric acid (2-2 c.c.) for 24 hours. 

acid was then neutralised with anhydrous sodium carbonate, the solution was filtered, and 
and the combined filtrate and washings were evaporated. The product (31 g.) was dissolved in pyridine 
(150 ¢.c.), and toluene-p-sulphony! chloride (36 g.) added. After being kept for 24 hours, the mixture 
was poured into water and the crystalline precipitate which separated recrystallised from alcohol, gi 
2-toluene-p-sulphony! 3° 4-tsopropylidene : (23 g.), m. p. 170-173", ident 
with the product obtained as above. Complete evaporation of the mother-liquors gave a syrup (B) 
(18-5 g.) which could not be crystallised. 

Treatment of Syrup (B) with Sodium Iodide in Acetone. —The rer B) (1 g.) was dissolved in dry 
acetone (200 ¢ €. ) contaiming dry sodium iodide (1 g.). and the solution heated at 110° for 5 hours; 0-2 g. 
of te separated, which corresponds with 0-4 primary toluene-p-sulphony! 
group. The solution was evaporated and the residue extracted with chloroform. The extract was 
washed with sodium thiosulphate solution, dried (MigS0¥), andevaporated. A syrup (0-8 g.) was obtained 
from which no crystalline product has been separated 

Reduction of Syrup (B) with Sodium Amalgam.—The (B) (18-5 g.) remaining after the removal 
of 2-toluenc- 3: 4-ssopropylidene 1 6-anh bo} was dissolved in 90% methyl 
alcohol (300 c.c.), and 3% sodium amalgam (100 g.) . After being stirred om 
was decanted from the mercury and neutralised with carbon dioxide. It was then whee) 
and the residue extracted with ether. Evaporation of this extract gave a wea’ tt -) wan won was 
fractionally distilled through a be er column. Three fractions were collected: (i) Bp 128—130° 
(bath temp.) 0-01 mm. (0: —13-1* in chloroform (c, 1-90), 1-4570; this was 1: 4-diiso- 
propyiidene D-altropyramose (Fou 55-1; H, 7-5. requires C, 55-4; H, 7-7 
dissolved in water, it did not reduce Fehling’s solution. p. 140—-150° * (bath temp opt 
(1-34 —1-7° in chloroform 1-19), wf? 1-4615; this partly crystallised when 


d solution and 
os standard lead tetra-acetate solution (WO c.c 
H according to the method of Hockett and McClenahan, : 
loe. cit.) Acetic acid was added to make the solution 
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acetone 1-04) nod 


was dissolved in 0-1n-sodium hydroxide (128 c-c.), and potassium permanganate (1-62 g.) added uf) 
solution was set aside overnight, during which time it became colourless and a precipita of mangancee 
was then evaporated to dryness under diminished pr and the due extracted with cold absolute 
alcohol. Evaporation of the extract gave a glass (1-15 g.). This was dissolved in 0-l»-su 
(39 c.c., 1 equiv.), and the solution extracted 6 times with ether. The extract was dried ( ann one 
ac was obtained which gave a wrongly poutine et 

uronic ac 

The acid (1-06 g.) was dissolved in ether, and ethereal diazomethane added. A evolution of 

sytup at 105° ( ) mm. asa 

1- and +18-0° in chloroform (¢, 1-22). It was ts. 
ound: C, 544; H,72. C,,H,,0, requires C, 54-2; H, @ 

A solution of this ester (0- methyl alcohol (@ cc ) was saturated with ammonia at 0” 

evaporated in amide. 


After 36 hours, it was a desiccator, slowly crystallising. The recrystal- 
lised from ether petroleum, had 15116", (al —9-4" in acetone (c, 0-95) (Found C, 53-2; 
H,70. C,,H,,O.N requires C, 52-8; H, 70%). 
Unrverstry Cottece or Wares, Bancor. 
Cusmistay Derantment, Tux Universrry, 
Eporaston, Bremincnam, 15. (Received, March 10th, 1950.) 


352. The Structure of 8-Hydrojuglone and Related Compounds. 
Keto-Enols of the Naphthalene Series. 
By R. H. Tomson. 
4-diketo-l 2: 3: + hyd hthalen 


Fhe implest member ofthis ere R = H or Me) are stable compounds, but in 
theae diketones exhibit few Ketonic properties: under most reaction 
only derivatives of corresponding 


polyhydroxy 


Juctone (5-nyDROXY-1 : 4-NAPHTHAQUINONE) occurs in walnut tissues in a reduced form 
and may be isolated by solvent-extraction and oxidation. Two isomeric reduction products, 
a- and §-hydrojugione, were isolated by Mylius (Ber., 1884, 17, 2441; 1885, 18, 2567) and their 
existence as glycosides was postulated by early workers, Daglish (Biochem. ]., in the press) 
has now identified the 5-glucoside of a-hydrojuglone as a natural product, but careful 
examination of a large number of walnut extracts by chromatographic and spectrographic 
analysis failed to detect the 6-isomer or a derivative. Mylius, in fact, is the only worker who 
has obtained §-hydrojuglone from natural sources, and the present work shows that his method 
of extraction would convert part of the a-hydrojuglone into the §-form. 

Mylius showed that a-hydrojuglone was readily transformed into the f-isomer by heating it 
above its melting point; both isomers formed the same triacetate and the same tribenzoate, 
but, whereas the a-compound was readily oxidised to juglone and was therefore (1), 6-hydro- 
jugione was not a quinol. Later, Willst&tter and Wheeler (Ber., 1914, 47, 2706) observed that 
eee formed monocarbonyl derivatives, indicating that the hydrojuglones were 

keto-enol tautomers, and they proposed structure (II) or (II) for $-hydrojuglone. Similar 


(111) 


chloride and obtained a product which they believed to be a tetrahydrox hthalene 


Wheeler and Edwards (J. Amer. Chem. Soc., 1916, 88, 387) demonstrated the ketonic character 


| 
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the structure 5 : §-dihydroxy-! : 4-diketo-1 : 2: 3 : 4-tetrahydro- 
naphthalene (Vv) (Annalen, 1928, 462, 72) synthesised the 
material by condensing quinol with succinic anhydride. On these grounds Zahn and Ochwat 
(in a footnote to the same paper) proposed the diketo-structure (IV) for §-hydrojugione. This 
is now confirmed. 
“ 6-hydronaphthaquinones " have been prepared by Madinaveitia and Olay 
- Qué. 1933, 31, 134) and Olay (Rev. Acad. Crenc. Madrid, 1935, 32, 384) from 
: 2-methyl-1 : 4-naphthaq and 5-hydroxy-2-methyl-1 : 4-naphtha- 
quinone (plumbagin), by fusion of their normal quinols. As these compounds formed mono- 
carbony! derivatives, and attempts to prepare diketo-derivatives were unsuccessful, they were 
considered to be half-enolised quinones of the same type as (II), or, less likely, (III). The 
products from 1: 4-naphthaquinone and 2-methyl-1: 4-naphthaquinone have now been 
re-examined, along with §-hydrojuglone (plumbagin was not available), By analogy with 
Zahn and Ochwat's suggestion these compounds should have the diketone structure (V1; 
R « H or Me). 

The structures put forward by Willstatter and Wheeler, and by Olay, contain enolic hydroxyl 
groups but very little evidence has been obtained in favour of this. With two exceptions, all 
the tests applied (see Experimental section) were negative. Attempts to prepare hydroxyl 
derivatives failed unless catalysts were used which brought about complete enolisation. The 
compounds dissolve slowly in dilute sodium hydrox ‘te solution (much faster than anthrone 
however), but this is obviously preceded by enolisation since the ketones may be quantitatively 
converted into the enols by dissolution in cold dilute alkali followed by acidification. 
Determination of active hydrogen gave some indication of the presence of a hydroxy-group but 
the results were anomalous and will be discussed later. Although §-hydrojuglone contains 
a phenolic group it fails to react with diazomethane or with phenyl isocyanate in absence of a 
catalyst. This is parallel to the behaviour of juglone and may be ascribed to intramolecular 
hydrogen bonding. 

The failure of the earlier workers to prepare dicarbonyl derivatives from these keto- 
compounds has been encountered again, but di-p-nitrophenylhydrazones have been obtained 
from Olay's ketones (VI; R =— H or Me). Positive chemical proof of the diketo-structure of 
8-hydrojugione has not been obtained, but substantial evidence is provided by the absorption 
spectra 

The infra-red absorption of the three ketones and the corresponding | : 4-naphthaquinones 
have been determined for a mull with liquid paraffin. The results are presented in the Table 
(for the spectra of 1: 4-naphthaquinone and 2-methyl-1: 4-naphthaquinone, cf. Rosenkrantz, 
J. Biol, Chem., 1948, 178, 441) : 


Frequency Frequency (cm.~*). 
1677 «1628 Absent 1667 1643 Absent 


Me). 1688 2-Methy)-1 : 4-naphthaquinone 1661 


The important features of the spectra from which conclusions may be drawn are the positions 
of the characteristic carbonyl and hydroxyl bands in the 6-~. and 3-u. regions respectively. 
The spectra of the ketones and the corresponding quinones show only minor differences in these 
regions, and in all cases, including §-hydrojuglone, there is no hydroxyl band in the spectrum 
near 3400 cm.~'. This eliminates the enolic structures suggested by Olay, and Willstatter and 
Wheeler, and the compounds must therefore have the | : 4-diketo-1 : 2: 3: 4-tetrahydro- 
naphthalene structures (IV and VI; R= H or Me). It was considered that the monoketo- 
form might possibly exist to some extent when the compounds were in solution and not in the 
crystalline state. However examination of Olay’s compounds in dilute carbon tetrachloride 
solution (2°) showed again the absence of a hydroxyl band. The suppression of the hydroxyl 
band in juglone and §-hydrojuglone is caused by intramolecular hydrogen bonding and has 
been observed previously in peri-hydroxy-1 : 4-naphthaquinones (Weiss and Ford, Arch. 
Biochem., 1949, 22, 288) and pers-hydroxyanthraquinones (Flett, J/., 1948, 1441). The carbonyl 
stretching vibration frequency is also affected in such compounds, and juglone and $-hydro- 
jugione, like 1-hydroxyanthraquinone, show two carbony! frequencies. 

Further evidence in support of the structure of these diketones is obtained from their ultra- 
violet absorption spectra, The spectra of naphthaquinone dichloride (VIII) and juglone 


q 
4 Com pound 
atv) 
(VI, R 
q ‘VI: R 
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dichloride (IX) were determined for comparison. Figs. 1—3 show that the curves of Olay's 
ketones (VI; or ano Gat of and the absorption characteristics 


(VITL) (XI) 


and Amer, Chem, Soc., 1950, 72, 844) have shown 


Fis, 1. Fis. 2. 


1: 4-Diketo-2-methyl-1 2: 3: 4-tetrahydronaphthalene. 6, B-Hydrojuglone acetate. 


4s A 
a 
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me. 
@, B-Hydrojugione. b, Juglone dichloride. 
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recently that the antihwmorrhagic sodiam hydrogen sulphite addition product of 2-methyl-1 : 4- 
naphthaquinone has structure (X) since its absorption spectrum is very similar to that of 
2: 3-oxide (XI). Both curves are very similar to that of 
(VI; = Me). Macheth, Price, and Winzor (j., 19356, 325) have shown that the spectra of 
phthaqui have a maximum at 330 my.: introduction of a peri-hydroxy! 
group moves the absorption bands towards the red, but when such hydroxyl groups are 
acetylated the spectra revert to the simple form. §-Hydrojuglone and its acetate show the 
same effect (Pigs. 2 and 3). The curves also show that saturation of the 2 : 3-double bond of 
the naphthaquinones shifts the maximum at ca. 330 my. to ca. 300 my. and introduces a new 
band at very short wave-length (225 my.). For jugione, saturation of the 2: 3-double bond 
moves the peak at 425 mu. to 347 mu. and again a new maximum is introduced at a short wave- 
length (230 my.). 

Although the ability of naphthols and certain polyhydric phenols to react in the tautomeric 
keto-form is well known, the existence of simple dihydroxynaphthalenes in a stable diketo-form 
has not hitherto been recognised, except in cases where the ketonic and enol forms are obtained 
by different chemical procedures and are not interconvertible. E.g., 1: 4-naphthaquinone 
dichloride (VIII) is the ketonic isomer of 2 : 3-dichloro-1 : 4-dihydroxynaphthalene (VII). All 
attempts to tautomerise these compounds failed. Enol ——> keto-conversion by fusion of the 
enol form is not possible as the diketone decomposes above its melting point, and the reverse 
change cannot be brought about by solution in dilute alkali as (VIII) immediately loses hydro- 
chioric acid under these conditions. Heating solutions of the halogen compounds in the 
presence of catalysts and under ultra-violet radiation did not promote tautomerisation. 

Fusion of | : 4-dihydroxynaphthalene, or its 2-methyl derivative, yields an equilibrium 
mixture containing ca. 10% of the diketo-form, whereas a-hydrojugione is converted into the 
6-isomer in 67% yield by this method. Reduction of naphthazarin with acid stannous chloride 
yields a diketone directly in 90% yield. §-Hydrojuglone may also be obtained by direct 
reduction of juglone with acid stannous chloride, but the method fails completely with 
1: 4-naphthaquinone and its 2-methy! derivative and only the dihydroxy-compounds are 
obtained. The greater case of formation of §-hydrojugione is probably a further effect of 
intramolecular hydrogen bonding which would enhance the stability of the diketo-form, and 
this is more marked in (V) which contains two hydrogen bonds. On fusion of a- and 8-naphthol 
in a vacuum no change was detected. 

The diketones (VI; RK «= H and Me), and the corresponding dienols appear to exist in 
solution as such and there is no sign of an equilibrium. The hydrojugiones on the other hand 
can exist as an equilibrium mixture in aqueous solution, and a-hydrojuglone may be partly 

converted into the §-isomer by boiling an aqueous or an aqueous-acid solution, preferably in 
the presence of a reducing agent to prevent oxidation of the a-form to juglone. When Mylius 
(lee. cat.) isolated both a- and §-juglone from unripe walnut shells the first extraction was carried 
out with dilute hydrochloric acid containing a little stannous chloride. The aqueous solution 
obtained was then extracted with ether, and the residue left after removal of the solvent was 
boiled repeatedly with large amounts of water containing stannous chloride to extract the two 
hydrojugiones. Clearly isolation of 8-hydrdjuglone under these conditions is no evidence of its 
existence in Nature, and the work of Daglish (loc. cit.) establishes that 6-hydrojugione is not a 
natural product. Mylius indeed claimed to have isolated the two hydrojuglones from ripe 
walnut shells, although at one stage he oxidised the extract, isolated juglone, and subsequently 
reduced it with stannous chloride. 

The preparation of hydroxy-diketones analogous to (IV) and (V) by ares phenols 
with succinic anhydride in an aluminium chloride-sodium chloride is claimed in 
G.P. 454,762. This method is satisfactory with p-dihydric phenols but “tied would be 
expected with phenol itself. Examination of the crude product described vielded a little 
§-salicyloylpropionic acid, but no §-hydrojuglone could be detected. Cyclisation of §-aroyl- 
propionic acids to form naphthalene derivatives is not likely to occur as these compounds 
readily form lactones. §-Benzoylpropionic acid, for example, forms a lactone when heated 
alone or with dehydrating agents (Fittig and Ginsberg, Annalen, 1898, 299, 17). When 
cyclisation of the last acid was attempted using anhydrous hydrogen fluoride the organic acid 
was recovered unchanged. 

Although both carbonyl groups of these diketones are free to enolise, active-hydrogen 
determinations showed that this takes place only to a limited extent under the Zerewitinoff 
conditions. Thus §-hydrojuglone and (VI; K =H) did not react with the Zerewitinoff 
reagent in the cold, but when warmed liberated methane equivalent to 1°53 and 0°95 active 
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hydrogen atoms respectively; (VI; R = Me) liberated 0°33 equivalent of methane in the cold. 
Similar results were obtained by Tishler, Fieser, and Wendler (J. Amer. Chem. Soc., 1940, 62, 
1982) with more complex compounds of the same series. By measuring the amount of Grignard 
reagent consumed by addition to carbonyl growps as well as the amount of methane liberated 
they obtained results corresponding to one hydroxy! group and one carbonyl group in the case 
of (XII), whereas (XIII) yielded a neglible amount of methane (i., virtually no enolisation) 
but two equivalents of Grignard reagent were used. 


ox, 


diketotetrabydronaphthalenes appear at first sight to have promising synthetic 
reaction conditions they enolise readily and yield only naphthol derivatives. Thus the 
diketones (VI; R = H or Me) failed to condense with benzaldehyde or p-nitrob idehyde, in 
contrast to cyclohexane-1 : 4-dione which condenses with benzaldehyde to form 2- 
(Stollé and Méring. Ber., 1904, 37, 3487), and Brockmann and Miller (Annalen, 1939, 540, 51) 
found that the more stable diketone (V) would condense with aliphatic aldehydes, the initial 


ylaniline 

quinone. tion showed that the initial reaction was an oxidation of the enolised 
diketone to | : 4-naphthaquinone, and reduction of the nit d to p-aminodimethyl- 
aniline, followed by normal 1 : 4-addition. With (VI; R = Me) reaction with p-nitrosodi- 
methylaniline did not proceed beyond the oxidation stage. Madinaveitia (Anal. Fis. Quim., 
1933, 31, 750) has reported that 1 : 4-additions are much more difficult with 2-methyl-1 : 4- 
and Fries and Lohmann (Ber, 1921, 54, 
did not react with aniline. This has been 

failed to react. This 


quinone (Asano and Hase, J. Pharm. Soc. Japan, 1941, 61, 55). 


EXPERIMENTAL. 


S-Hydrony-1 2:3 : ¢-tetrahydromaphthal 
Willstatter and Wheeler's method (lee, at), 


as the uilibrium was The chloroform solution 
g.) was reflu 
of unch a-compound. Chlorof 95 mg. of the f-isomer (Found: Active H, 
drojugione needles . p. 96-97", and from 


by M 


reappeared on 
of 
stannous 


yellow 
from 260 61-85; H, 42; N, 13-0. C,,H,,O.N 
senction gave a bhae-green coleur becoming 

yarasone by the compound with exceas of 

mineral acid yielded insoluble dark brown which charred without melting and could 


by using other 
1: 4-Diheto-1 2: 3: 4-tetr 


14-5. C, 661; 

require | 
* (decomp (Found: C, 61-7; H, 44; N, 19-5. Cull requires C. 61-4: H, 42; N, 


setrahydronaphthalenc —This was prepared by Olay’s procedure. The 


product rearranging to an alkylnaphthazarin. The only products isolated from Grignard and 
Reformatsky reactions were the corresponding dihydroxynaphthalenes, and reduction with 
lithium aluminium hydride and the Ponndorf reagent had the same result. Condensation of 
is possibly a steric effect as methylamine has been added successfully to 2-methyl-1 : 4-naphtha- 

me (f-Hydrojugione) —This was prepared (a) by 
ite e-hydrojugione isolated more 
by po a layer of anhydrous sodium su te into light 

i collecting the crystalline precipitate rapidly (yield, 67%) 

5) A suspension of juglone (1 g.) in dilute bydrochioric acid (250 c.c.: 12%) containing stannous 
naphthalene in a vacuum according to Olay (Joc. cit.). It formed colourless leaflets (from hexane), 
m. p. 98" 

ue Jav 
N, 142% 
254 
19-5%). gaveav ava 
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diketone crystallised from hexane in smal) colourless leaflets, m. and 

methyinaphthalene recovered, me : Active H, 06-19%. 


OLN, requires formed smal] orange 
C060: (decomp.), and ve a reddish-violet Javanovsky reaction 
‘ound: C, 624, H, #7; N, requires C, 62-2; H, 45; N, 18-9%). 

Reactions of the Diketones.~ ve diketones failed to five characteristic colour reactions with 
ferric chionde, sodium eaneion ¢ or 3: 5-dinitrobenzoic acid, dissolved slowly in dilute sodium 
ge (S-bydrojugione dissolved ly), but gave no indication of unsaturation with bromine. 

was fo reaction with acetic anh during 24 hours at room temperature, or on warming the 
mixture for 2 hours at 94°, in the absence of a catalyst. On addition of a trace of concentrated sulphuric 

acid there was an immediate reaction at room temperature. 8 Hydroju formed a 
and the other diketones the corresponding | 4-diacetoxynaphthalenes. I three diketones failed to 
freact with diazomethane. byl my isocyanate no reaction took place in boiling xylene (3 hours) in 
absence of a catalyst, but ition of a drop of triethylamine to a mixture of diketone and 
yl tsocyanate caused an immediate reaction at room temperature with “yo the corresponding 

- and tri-phenylurethanes. Identical Pp were from the dienols, using the same 
catalyst 


len, a trace of concentrated sulphuric acid was The ye' suspension became 
y colourless. After 10 minutes the acetate was collected, washed with light petroleum, and 
When crystallised from methanol (charcoal) it formed colourless needles, m. p. 144° (Found : 
C, 7: H, 46: Ac, 21-0. C,,H,.O, requires C, 66-0; H, 4-6; Ac, 197%). 
When the acetic anhydride filtrate ate was stirred with a little ice, a yf abt 
Crystallisation from dilute acetic acid afforded colourless needles of 1: 4: 5-tri phthal 
p. 130°. 


crystallised from alcohol in colourless 
220" (Mound C, 720; H, 45; N, 69. 72-35; H, 4-55; 
Dihydrowry-2-methyinapat ethane formed colourless needles ( 
m. [Found C, 72-6; H. 61; N.66. requires C, 72-8; Ha: on 
urethane ted from aqueous dioxan in small colourless 
(Found N, 7-8. Cy, requires C, 69-8; H, 435; N, 7-9%). 
—_— ution of (VI; R= H) (160 mg.) and 
ive (100 mg.) im methanol (3 cc.) was refused for 30 minutes, by which time a 
“ey Crystallisation from light m (b. 100—120°) afforded 
pu brown needles, Bis tdcntical material was C, 743; H, N, 96. 
C,.H,.O,8, 740; 5 Identical material was obtained by heating | 
hydroxynaphthalene with p-nitr 1 or 1: 4-naphthaquinone with p-ami 
aniline, in alcohol. The amino-quinone formed a red solution in concentrated sulphuric acid, and 
blue colour in alcoholic — Hydrolysis with 50% huric acid yie 
4-naphthaquinone, yellow (from aqueous alcohol), m. p. mixed m. p. 
(decomp.) (acetate, m. p. and mixed m. p. 128°). 
vee solution of | : 4-dihyd thalene (or the Semenuensing diketone) (0-8 g.) and p-nitrosodi- 
methylaniline (0-75 g.) in aleoho! (25 c.c.) was raised to the boil. the reaction had subsided the 
solution was cooled and poured into dilute sulphuric acid. Ld ap age which formed was collected, 
— after steam-<distillation, yellow needles, m. p. and mixed m. p. with | ; 4-naphthaquinone, 125° 
7 «.). Addition of dimethylaniline and dichromate to the acid filtrate gave the 
-green colour of Bindachedier' green When 2- methy!-1 : 4-dihydroxynaphthalene (or the 
diketone) was heated with line in boiling alcohol for | hour dark crystals separated 
on | from water yielded pale yellow needles of 2-methyl-1 : 4-naphthaquinone, 
mp it 
Absorption Spectra.—The ultra-violet absorption spectra were determined in alcohol. As the quinone 
dichlorides react with alcohol the curves were plotted in sections as rapidly as possible. The absorption 
was read backwards from 400 to 290 my., after which the region 400—450 my., was examined giving a 
ew curve owing to formation of chloroquinone (dotted line in the Figs.). 


Part of this work was carried out in the Rn Techn. Hochschule, Zirich, and I am grateful to 
Prof. Dr. H. B. Piers-David for the facilities at my disposal. I also thank the Carnegie Trust for 
the Universities of Scotland for a Travelling Grant, Dr. C. Daglish for the ultra-violet absorption curves, 
and Dr. W. C. Price for most of the infra-red data and their interpretation. Analyses, other than for 
active hydrogen, were carried out by Miss M. A. B. Davie. 
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353. The Separation of Mixtures by Continuous Extraction Processes. 
Part II. The Continuous Step-wise Extraction of a Fixed Quantity 
of a Mixture of Solutes. 


By Joun D. A. Jounson. 


The theoretical behaviour of a solute introduced all at once into the first of 

immiscible one solvent 

y cont ly i . Itis shown in of a wa 

ually diminishing amplitude, the speed being constant, 

distribution tent of the solute between the two liquid phases. extent 

two or more solutes it be expected to be ted ts deduced, and this method of 
as 


mixtures with the continuous counter-currenat 
recorded in 1. 


In Part I (J., 1950, 1068) the mechanism of the separation of solutes subjected to distribution 
between two liquids flowing in countercurrent has been considered. The present 
communication deals with the behaviour of solutes distributed between two solvents in a series 
of vessels through which, however, only one of the liquids passes continuously. The principle 
of the process is illustrated in Fig. 1. The vessels are, for simplicity, supposed to be of equal 


Fis. 1. 


Separators 
A = moving solvent. B = “ static solvent. 


volume, although this is not essential; each vessel contains the same volume of “ static ” 
solvent phase, although this too is not a necessary feature. Moving solvent enters the first 
vessel and, after mixing with the static solvent, passes to a separator, whence the static phase 

back to the same vessel and the moving solvent proceeds to the next one in the series. 
It is assumed that each of the solvent phases is mutually saturated with the other before use, so 
there are no volume changes on mixing. 

If a solute is placed in the first vessel after each of the vessels has acquired its quota of 
moving solvent, it will become distributed through the system in a manner which can be readily 
calculated. The problem is akin to that of a partition chromatogram column, which Martin 
and Synge (Biochem. J., 1941, 35, 1358) have treated as made up of a series of “ theoretical 
plates " on which a degree of equilibration is achieved. They further showed that, with the 
ordinary rates at which the solvent moves through the column, diffusion plays only a negligible 
role. The faster the solvent moves the less the complicating effect of diffusion, but the less 
likely also that distribution equilibrium will be attained, since diffusion and the passage of 
solute from one phase to another both depend on the kinetic behaviour of the solute. In the 
system now being considered diffusion plays no part, since the solute can pass from one vessel to 
the next only in its solvent vehicle. Consequently, if desired, the rate at which the solute is 

from vessel to vessel can be made so low that there can be no doubt whatever about the 
essential equilibration of the contents of each vessel. 

The chief feature of the process now being described is that it can deal with small quantities 
of material in very dilute solution, or with larger quantities in much more concentrated solution. 
Moreover, there is no upper limit to the size or number of vessels. It is shown below that 
with extended systems the behaviour is strictly analogous to that of perfectly operated 
partition-chromatogram columns, and that solutes can be separated as precisely as in the 
latter. 


of 
the 
son 
Mixers 
(4) 
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The symbols used in this communication have the following significance : 


V = volume of each mixing vessel, 

= volume of “ static solvent present 
in each vessel, 

= concentration of solute in moving 
solvent in vessel 1,2,3... . 

qd. = concentration of solute in static 
solvent in vessel 1, 2,3... . 

A = distribution coefficient of the 
solute — 

a = amount of solute introduced into the 


system, and 
v, = feed rate of the moving solvent. 


The solutes are considered to behave ideally, i¢., & is assumed to be independent 
of concentration. 


At any time, /, the amount of solute remaining in the first vessel is given by 
Differentiating, we have 
(V — + at = — op, 
the general solution is 
Py = + + — 


Or, writing 


we have py = bx 
in the second vessel at time ¢ the following relation holds : 
hence + (V — + jdt 
Introducing the value of p, given in (1) it can be shown that : 
Similarly for the third and the fourth vessel the concentrations in the moving solvents are : 


Whence, in general 


Pa = — 1). 


Choosing arbitrary values for the parameters in order to find how the concentration changes 
with time in the several vessels of a series, we get (for v, « 1, V = 10, » = 5, & = 1) the data 
depicted in Fig. 2. This shows that the concentration maximum built up seems to travel like a 
wave of gradually diminishing amplitude throughout the series of vessels. It is to be noted, 
however, that, at any rate for the particular values of the parameters chosen, the maximum 
concentration in the successive vessels does not diminish rapidly, so that even with the tenth 
veasel, the maximum concentration is about 70% of that reached in the fifth. It should be 
observed that, in choosing « = 5 and V « 10, it is supposed that each vessel is half-full of 
static solvent, which, as will be shown presently, is not the best condition for the operation of a 
system. 
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The time at which the concentration in a given vessel is a maximum can be calculated by 
differentiating equation (5) and equating to zero. This gives 


from which it appears that the concentration maximum passes along at a uniform rate for a 
given system. As might have been expected, the greater the feed rate of moving solvent, the 
earlier the moment at which the maximum appears in a given vessel. 

The maximum concentration in a given vessel is calculated by combining equations (5) and 


(6), whence 

and the ratio of maximum concentrations in successive vessels is found by dividing this 
expression by one in which (w + 1) replaces». This gives 

By introducing various values of » into this a measure of the rate at which the 
“ wave” dies down may be deduced; it is by such substitutions that the decrement is 


7 


(x3 
(XS 


Time. 
Concentration—time relation for a series of vessels for the arbitrary values : 
l; Vw 10; oe 5; 


surprisingly low, which indicates that the solute has a great tendency “ to keep together "’ as it 
passes along an extensive system, although it must be quite clear that, theoretically, solute must 
be present indefinitely in all vessels from the moment it is introduced into the system. The 
concentration in vessels remote from that carrying the maximum is, however, negligibly small 
and the exact disposition of solute is deduced later. 

It is clearly necessary to qualify the statement often made, in connection with partition 
chromatography in tubes and with paper chromatography, that an ideal solute moves in a 
band which (when A is constant) shows no tendency to spread. These bands must spread and 
in general become more diffuse the further they travel along a system. It is true that in a very 
extended system this effect will be almost imperceptible. 

At the moment when the concentration in a given vessel reaches its maximum, such 
concentration is equal to that in the preceding vessel. This can be shown by observing that, 
when the concentration in the »th vessel reaches its maximum [equation (6)), the concentration 
in the (n — 1)th must, from (5), be 


= — — 1 


the appropriate value of ¢ is introduced. This expression for p,_, is identical with (7), 
and explains why the curves given in Fig. 2 intersect as shown. It appears, therefore, that 


“I 


1746 Johnson : The Separation of Mixtures by 
when the concentration in a vessel is higher than it is in any other vessel, it is itself already 


Separation of Two Solutes.—From equation (6) it is clear that the time at which the maximum 
concentration in a given vessel is reached depends on the distribution coefficient of the solute, 
the volume of the vessels, the volume of static solvent present, the flow rate of the mobile 
phase, and the number of the vessel in the series. For a given set-up, therefore, the time is 
dependent on 4, indicating the possibility of separating two or more solutes. However, the 
vatio of v : V is important for the efficiency of separation. To illustrate this, suppose that the 
volume of the vessel is 10, that », is 1, and that the separation of two solutes having & = | and 3, 
respectively, is being attempted. In one case, let the ratio of v: V be 0°5, and in a second case 
be 00. The concentrations in each of the vessels of a long series at time ‘ = 50, for example, 
can be calculated from equation (5), and Fig. 3 illustrates the result. 

It is seen that wher uv; V = 0-9 the peak concentrations of the two solutes are separated to a 
greater degree than when «: V = 05. If the two solutes were of the same nature, say were 
both acids, the apparent total acidity of the contents of the various vessels could be represented 
by the sums of the separate concentrations of the two solutes, the broken lines in the Fig. 3 
Tepresenting the results of such summations. With the lower ratio v: V the presence of two 
solutes could be inferred from the slight kink in the total acidity curve, but it is evident that 


Fie. 3. 
Dependence of the degree of separation of solutes om the volume ratio of solvents. 
0-04 


Vesse/ 


little separation of the solutes would result by ¢ = 50. Whenv : V is 0-9, however, the “ kink ” 
is much more pronounced and appreciable separation of the solutes has occurred. 
If » is supposed to become equal to V, equation (5) becomes 


and the maximum concentration in a given vessel, obtained by differentiating this expression, 
is reached when 
= Vin — 


The interpretation of this is, that when the volume of “ static " solvent in each vessel approaches 
the volume of the vessel itself, the time at which the maximum concentration of a given solute 
is reached in a specified vessel is inversely proportional to the distribution coefficient of the 
solute. In other words, the greater the value of 4, the earlier the maximum appears in a given 
vessel, as might have been surmised. More important, the maximum of concentration passes 
along the system at a umiform rate, which 1s proportional to the distribution coefficient, like a gradually 
dying wave and, with two or move solutes, the relative distances travelled im the system by these maxima 
bear a simple relationship to one another, being again proportional to the distribution coefficients 
of the solutes. (It should be remembered that in making these deductions the maximum 
concentration has been assumed to be that in the vessel which has just reached its maximum, 
and this has been shown to be the same as that existing in the preceding vessel at the same 
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moment. With an extended series of vessels the difference between the wth and (ns — 1)th 
vessels is so slight that the conclusions just reached become almost exact.) 


quite filled with static solvent, through which the moving solvent passes, carrying the sol 
along with it. The vessels are successively filled by the moving solvent. ae 
insensibly different from that just considered, when the ratio » : V approaches unity 


Ser 

isa maximum ora minimum. Obviously, the separation will be better with a larger number of 
vessels, so the unity terms may be neglected : 


Differentiating »,/n, with respect to / shows no maximum or minimum for values of / between 0 
and unity; and since when / = 0, n,/n, = 1, 
separation of two solutes follows the use of volumes of “ static " solvent almost equal to those 
of the containing vessels. 

To some extent this could have been expected on general grounds, since such a method of 
operation of the system is equivalent to the extraction of a solute from one solvent by a large 
number of extremely small quantities of a second solvent. 

It is important to note that pairs of solutes having 4 < 1 will move relatively slowly 

with those having 4 > 1, yet nevertheless two solutes having 4 < 1 can be separated 
just as efficiently as two solutes having 4 > 1 provided that the ratio of their distribution 
coefficients is sufficiently large. However, it would in such a case be desirable practically to 
reverse the rdle of the solvents, the distribution coefficients applicable being then the inverse of 
the conventional values, so that a more speedy passage of the solutes along the system occurs 
with just as efficient a separation. 

Shape of the Curve connecting Number-of-vessel with the Concentration of its Contents.—So far, 


carrying 
is, therefore, of interest and importance to know something of the shape of the curve 
concentration with the number-of-vessel, since the imperfection of separation of two solutes 
depends on the extent to which the curves for the solutes are superimposed. The common area 
under both curves is a measure of this imperfection and it should be made as smal] as possible. 
Furthermore, we have supposed that the degree of separation of two solutes is directly 
connected with the degree of separation of the peaks of concentration and this will only be 


In these calculations, it has been assumed that through a series of vessels, almost full of 
static solvent, a thin stream of moving solvent has been passed, and this approximates closely 
to partition-chromatogram columns in which the hold-up of the developing phase is small? 
compared with the actual volume of the static phase and its support. It has been indicated 
above that when the ratio v : V is low the separation of solutes is not so effective, whence it may 
be concluded that most efficient operation of partition-chromatogram columns requires close 
packing of the columns. Similarly, since paper chromatography closely resembles 
chromatography with such columns, swamping the paper with the developing liquid should be 
carefully avoided. (The strict analogue of paper chromatography is a series of vessels not 
is 
a distribution coefficient 4, is to be found, is given by sf 
a 
and a similar relation holds for a second solute. The best separation of the two solutes will be 
the peak concentrations of the solutes are separated from one another. It is clear from Fig. 3 
that appreciable concentrations of solute exist in the vessels on either side of that in which the 
maximum concentration occurs, and that two solutes may exist together in appreciable, and 
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justified if it can be shown that the shape of the “ concentration waves " is unconnected with 
the value of A. 

The ratio of the maximum concentration f, to the concentrations in the vessels in front of 
and behind the vessel in which the maximum has been reached can be derived for a given time 
as follows. For the vessel situated one in advance of the vessel having the maximum 
concentration, the concentration is : 


Giving the ratio , = — 1)/» [from 
equation (6)) 
and Par + + 2)) — + + 2)) 


Pa-siPa™ — — = — 2)/(n — 1) 
= — — — 3)) = 
— — 3))/(m — 1)* 
or, generally, Pa. = — + + 2) + — 1)) for the 
yth vessel in front of that 
in which the maximum 
concentration occurs 
= — 3).... (8 + — for the 
+ vessel behind 
that in which the maxi- 
mum concentration occurs. 


The concentrations are, therefore, not quite symmetrically distributed about the two vessels 
in which the concentrations are equal. In general, the concentration in the (mn + r)th vessel is 
slightly higher than it is in the (» — (r + 1))th vessel, but with extended systems the curves 
become more and more symmetrical as time proceeds. The general position is shown in Fig. 3. 

It may be supposed that in partition chromatography, including paper chromatography, 
a similar state of affairs exists. If a given reagent can detect a solute only when its concentration 
is above a critical value indicated by the broken horizontal line in Fig. 3, the advanced edge of 
the solute spot detected will appear less sharp than the retreating edge because for the latter 
the approach to the region of non-detectability is more abrupt. This might account for 
“ diffuse heads” in paper chromatography, while variations in 4 might explain “ tailing " (as 
several workers have suggested). A variation in A would also tend to produce a sharpened 
front. With very extended systems such as paper chromatograms, however, the difference 
between the two sides of the peak is very slight and another explanation may have to be sought. 
It is also worth note that, since in paper chromatography one is dealing with minute amounts 
of material— altogether often only a few times the minimum detectable quantities—it may be 
unwise to rely on measurements of areas of spots for quantitative work; for at points not very 
remote from the centre of the spot there may be undetectable quantities of the solute, 
inconsiderable in themselves but forming, nevertheless, a fair proportion of the total amount of 
solute present. 

The most important feature to be observed from equation (8) is that the relative 
concentrations of a solute present in a specified vessel and that carrying the peak concentration 
depend only on the number of the latter vessel in the system, whence it follows that the 
distributions of all solutes about the vessel containing the peak concentration are the same. 
This means that the shapes of the curves connecting concentration with number-of-vessel 
depend only on the value of m. In the table are given the concentrations, in all vessels relative 
to the maximum, for selected values of » (in which vessel the maximum occurs), and these data 
apply whether the system is being operated under the optimum conditions or not. Since is has 
already been shown that maximum separation of peaks occurs when v = V, it follows that there is 
tess overlap of the concentration waves when this condition applies and that, indeed, it is a condition 
for most efficient operation of the system, 
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0-001 1000 «61-000 
00975 0-083 
6027 0-061 
3! 0-861 0-905 
0-780 
0-708 


| | 


32333 
388528223 


535525522833 
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Degree of Separation of Solutes.—A system 
operated in two ways, analogous to two of the procedures 
whether of the adsorption, ion-exchange, or partition types. On the one 
solutes could be introduced into an extended system of vessels and the sol 
emergent liquid phase. Naturally, if water were the moving phase the solute appearing first 
in quantity would be that with the highest value of 4 whatever the amount of this solute 
compared with that of others. It is true that if this solute were present in very small amount, 
it might be contaminated with large amounts of solutes of lower distribution coefficient present 
in predominant quantities, but some concentration of the former solute would nevertheless 
be effected if the effluent liquid were cut at the appropriate point in the process. 

The second method of operating the system would be to introduce the mobile phase until 


- 


and, most important of all, such a system is considerably more efficient than the other, because 
full advantage is taken of all the vessels in the system, whereas in the second method some of 
solutes will undergo separation by relatively few vessels. 
Some idea of the separations to be expected using the second method may be gained from 
data in the Table. If the system comprises about 140 vessels and the process has been 
ucted for such a time that the peak concentration of a solute having the highest value of 4, 
vessels 99 and 100, then the peak concentration of a second solute having 4, « 0-84, 
be in vessels 79 and 80. If, furthermore, we assume (and this will be the general assumption 
efficiency of separation) that the solutes are present in equal 
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the contents of each vessel, to work up the contents of appropriate vessels on the basis of this . 
examination. There are advantages and disadvantages in both methods, but the method of 
amounts in the system, then vessels 80—100 contain mixtures of various amounts of these two 
solutes. Thus concentration, in the mobile phase, of the solute of lower value of 4 in vessel 89 is 
0-575 of the peak value, and the concentration of the other solute is 0-559 of its peak value in 
the same solvent. There is thus an extensive overlap of the two solutes, even with a system 


1750 Johnson: The Separation of Mixtures by 


comprising 140 vessels. By working up the contents of vessels 90—140 for one solute and the 
son the two substances could be obtained 
approximately 86% pure. Even this is te good when the closeness of the distribution 
coefficients is considered. te the sched te 
with 06 vessels.) 

The actual point at which to divide the contents of the system is not easily decided when the 
two solutes are present in unequal amounts and, for this and other reasons already given, this 
method of operation is not recommended. Attention will, therefore, be directed to the 
alternative procedure. 

Theoretically, even from the outset, ali solutes emerge from the system, but at different 
rates. Only after some time will the concentration of the solute of highest distribution 
coefficient become detectable. Thereafter it will rise to a maximum and then fall to zero after 
infinite time. The problems to be solved include the point at which to make the “ cut,” and 
the minimum number of vessels necessary to permit reasonable separation of solutes. 

The rate of emergence of a solute is uf. where py is its concentration in the moving solvent 


Fia. 4. 
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(Values of ogbt are given om the curves.) 


in the last vessel N of the series. The total amount Q which has left the vessel by time ¢ is 


given by 


= 
which, by equation (5) becomes 


Q = dt 


The integral can be obtained by reduction and, denoting the fraction of the solute introduced 
into the system which has left by time ¢ by F, we get 


et expanded to N terms 
°° 


F =i 1— 


Evaluation of this expression is tedious and in Fig. 4 the only curves which have been 
calculated are those for c,b¢ = 20, 40, 60, 80, and 100. Fortunately it is simple to interpolate 
values for F and the remaining curves in Fig. 4 have been derived in this way. 

For a given system, the various amounts F,, F, of solutes having distribution 
coefficients &,, A, which have left the system by time ¢ could be calculated from equation 
(9), but it is simpler to use Fig. 4 especially if the ratio of these amounts is sought. We shall 
suppose, in the first place, that the system is operated in the most efficient manner, whence 
the exponents in equation (9) reduce to Av,t/V, in which the only variable is the distribution 
coefficient if we are considering a given time. Consequently, the various relations in Fig. 4 
can be regarded as referring to solutes having values of 4 determined by the values of u,bt = 


‘| 
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avg /V recorded on the curves. Thus if we wish to consider the fractions of two solutes having 
4 = 1-0 and 2-0 which have emerged from a system of 40 vessels we can refer to curves for 
hug /V = 20 and 40, or 25 and 50, and so on, realising that the precise pair which must be chosen 
to arrive at the solution of our problem will be completely determined by the values of r,, V, 
and ¢. To illustrate the use of Fig. 4, suppose that two solutes having 4 = 2 and 3 are 
introduced in equal amounts into a system of 50 vessels (each having a volume of 10 units) and 
that the feed rate of the moving solvent is 1 unit. The fractions of the two solutes which 
would have left the system by ¢ = 200 would be (since 4og/V = 40 and 60) 0.070 and 0015 
respectively. Thus, if these were the only solutes present, the material which would have 
emerged by this time would be 0-915 x 100/(0-915 + 0-070) = 92-90% pure. If the cut were 
made at this moment and the passage of mobile phase continued, the second solute could be 
(1-000 — 0-070) x 100 

isolated 71355 — 6-070) + (1000 — 0918) ~ 9! 6% Pure. If on the other hand the cut were 
made much earlier or later, the two components would be isolated in widely different purities. 
Thus if ¢ were 300, he,s/V would be 60 and 90, giving, as 

the fractions eliminated, 0-915 and 1-00; the two materials Fro. 5. 

then being obtainable 52°3% and almost 100% pure General pattern of discharge diagram 
respectively. The amount of the substance having the nl 
latter purity would be, however, only 8°5% of that intro- 
duced into the system. If we define as the best degree 
of separation, that which leads to the isolation of both 
solutes in the same degree of purity, then the cut should 
be made at such a time that the amount of the one solute 
which has left the system is equal to the amount of the 


and it will be seen that the curves 
(giving 4v,//V — 40 and 60) are not far from the ideal for 
the example given. In practice, of course, the precise 
moment for the cut can be ascertained in two ways. On 
the one hand the actual total amount of all solutes which 
has left the system can be plotted against time and the cut 
made when the curve takes the trend which indicates that 
a second solute is emerging (Fig. 5), or a chemical or 
physical property of the effluent can be plotted against Volume of effluent. 
volume (or time, if the feed rate of the mobile phase is 
steady) and the cut made appropriately. The greatest uncertainty will be for solutes having 
similar & values, or when the amount of one solute is considerably greater than that of another. 
We shall next consider the number of vessels required to achieve good separation. Martin 
and Synge (loc. cit.) have given some idea of the theoretical-plate efficiency of the columns 
studied by them, and Stein and Moore (J. Biol. Chem., 1948, 176, 337) have stated that their 
columns have an efficiency equivalent to 2000 theoretical plates. The sharp separation of many 
amino-acids from one another in paper chromatography is eloquent testimony to the theoretical- 
plate efficiency of this simple technique. To gain some idea of the value of the system now 
being considered, let us suppose that it comprises 100 vessels. Fig. 4 shows that curves for 
u,bt = hug /V = 90 and 110 will be suitable pairs for consideration since both solutes would 
emerge equally pure. The actual purity would be 84°3%. Such a purity would refer to solutes 
whose distribution coefficients were in the ratio of 110: 90 = 1°22. Similarly, curves for 80 and 
122 form a suitable pair, corresponding to a distribution coefficient ratio of 1:525 and a purity 


iJ 

other which remains in the system. This can be deter- 

mined by examination of the appropriate curves in Fig. 4, 

of 984%. By proceeding in this way, the relation between distribution-coefficient ratio and 

purity can be calculated for a system of 100 vessels, and similar relations for smaller systems 

can readily be deduced. Fig. 6 illustrates the results of such computations and may be used to 

design apparatus for separating mixtures of solutes. 

As might have been expected, the longer the system, the better the separation, and with 
100 vessels the performance should be very good indeed. Thus solutes having a distribution 
coefficient ratio of 1‘3 should be obtained over 90% pure and, if the ratio is 1-6, the purity 
would be over 99%. With systems as short as 30 vessels products of 90%, purity would result 
if the & ratio were 1°6. This is near the lower limit of usefulness and it can be assumed that 
for the effective separation of solute mixtures, at least 50 vessels should be used and 50—100 
would probably satisfy most demands. It is to be appreciated of course that if the desire is to 
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isolate pure solutes, the efficiency of this operation being a secondary consideration, the cut can 
be made at an earlier point than usual (which will give the first solute in a purer state), a second 
fraction of solutes in approximately equal amounts can then be taken and, after the second cut, 
the second solute can be isolated in a high degree of purity from the third fraction of emergent 
solvent phase. The second fraction can then be re-cycled through the system. Alternatively, 
the cut can be made in the usual way and the less pure fractions re-cycled separately. Thus 
for a 30-vessel system and solutes having a 4 ratio of 1-6, the products will be 90% pure after 
the first run. If these are now re-cycled and the cut made at the same time as before the 
products would be 90 x 100/91 — 99% pure. Operating in this way is, of course, tantamount 
to having a longer system. Re-passage of solute through » vessels can give 4 purer product than 
is obtainable with 2n vessels. 
Fis. 6. 


42 16 20 

Ratio of distribution coefficients. 

The numbers of vessels im the series are WO, 40, GO, 60, 70, 80, 90, and 100 for the curves ranging 
from the lowest to the topmost, respectwely. 


In the discussion just presented it has been assumed that the system has been operated in 
the most efficient manner, that is, that the moving solvent has comprised only a vanishingly 
small proportion of the contents of each vessel. In practice, of course, it would usually be 
difficult to operate the system unless the moving phase occupied at least a small fraction of the 
volume of cach vessel, because the separatcrs must be capable of dealing effectively and 
continuously with the mixed solvent phases. If the separators were continuous centrifuges, 
they could almost certainly deal with a solvent volume ratio of 9 : 1 which, however, is probably 
the lowest value to which it should fall. Using finite volumes of moving solvent causes 
concentration waves for different solutes to crowd together somewhat and the extent to which 
this lowers efficiency can be evaluated as follows. 

Denoting the appropriate values of Aug + v(1 — A)) (i¢., derived from Fig. 4 
for, say, 100 vessels by P, and P,, so that 


+ — &,)) P, and + — = P, 
it can readily be shown that 


In discussing the most efficient systems, e was supposed equal to V, whence this 

reduced to 4, /4, « P,/P, and this was the basis of the deductions given earlier. It is now seen 
that in practice the ratio 4, /&, corresponding to a certain purity which may be ascertained from 
Pig. 4 is actually dependent on &,. For given values of P, and P, (P, > P,), the ratio 4, /h, is 
greater than ?,/P, ife 4% V. The greater the value of 4,, the greater the ratio 4,/k,. Thus 
the purity corresponds to P, and P, when the ratio of distribution coefficients is higher than 
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indicated in Fig. 6, and the effect is most noticeable with high values of A. Thus, taking 
P, = 1131 and P, = 87°5 from Fig. 4 for a 100-vessel system, and » = 091, we get 


= 1202 + 0-03258, 


If &, is 2, the ratio is 1357; if &, is 10, it is 1-617, 

The effect is also more noticeable if P, and P, correspond to higher purities. Thus it is 
most desirable to operate with each vessel filled as much as possible with the static phase. This 
will throw a strain on gravity-type separators such as those described in Part I, since for each 
volume of mobile phase passing through them there must be at least ten volumes of mixed 
solvents. Centrifugal separators would be able to deal adequately with this problem and 
an operation need not last more than a few hours. 

The time and the volume of mobile solvent phase taken for a separation can be ascertained from 
Fig. 4. If the time is defined as that required for the elimination of 99% of the last solute to 
be discharged from the system, the value of P which corresponds to the number of vessels used 
can be read off. Thus if the system comprise 100 vessels, P is approximately 123, whence oJ 
can be calculated from the expression P = bt if the lowest distribution coefficient of the 
mixture of solutes is known approximately. If vo = 0-0, V = 9, and A... = 0-5, o,f becomes 
2337. The rate of flow of the mobile phase being known, / can be calculated. The expression 
vt is the total volume of the mobile phase used and it amounts, in the example just quoted, to 
2-337 times the total volume of the 100 vessels, which is not excessive. 

Comparison of the Conti Counter-current and Continuous Step-wise Techniques of 
Separation of Solutes._-In the continuous counter-current method of separating two solutes by 
distribution between solvents, the solutes move in opposite directions but the transfer is not 
direct. Each part of solute stands a considerable chance of being temporarily transported in a 
direction opposite to that of its general movement. 

The process is not unlike the behaviour of a solute diffusing from a point of higher 
concentration which itself possesses movement of translation. This to-and-fro movement 
improves the solute separation so that the system is superior to a system operating on the 
continuous step-wise plan. By comparing Fig. 6 of this communication with Fig. 9 of Part I, 
it will be seen that a system of 35 vessels arranged in counter-current fashion is as good as one 
of 100 vessels in which the moving solvent flows step-wise. The relative advantages and 
disadvantages of the two systems can be summarised as follows. The continuous counter- 
current arrangement requires a less extended system, and two solutes emerge simultaneously 
from opposite ends; it does not involve the difficulties of separating the two solvent phases 
inherent in operating the step-wise system under conditions approximating to the optimum. 
On the contrary, to take full advantage of the counter-current method, the flow rates of the two 
solvents must be very closely controlled. 

Experiments describing the application of the continuous step-wise process will be described 
later. 
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354. First-order Asymmetric Transformation arising from Solvation. 
By J. Grazer, Marcaret M. Harais, and E. E. Tuewer. 

It is shown that first-order asymmetric transformation can occur as a result of solvation 


been J its optical activation (+ 


demonstrated by 


A suspstance, the molecule of which contains both a centre of stable optical activity [(+)S) 
U), when dissolved in a suitable solvent, may 
be represented as an equilibrium between two diastereoisomerides : 


(+)S(+)U => (+)S(—)U 


SC 
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An excellent example of such a substance is the mutarotating sugar glucose, which in aqueous 
solution undergoes first-order asymmetric transformation to give an _— mixture of 


HOCH, 


| 

H HO. 

(+)S (+)S (—)U 


@- and §-glucose [in aqueous solution there is not more than 002% of open-chain glucose 
(Cantor and Peniston, J. Amer. Chem. Soc., 1940, 62, 2113)). The substance may be a salt, 
¢., of an alkaloid with an optically labile acid ; it must then be dissolved in a solvent such as 
chloroform in which the diastereoisomeric salts exist as such, and not in one such as water in 
which ionisation or solvolysis predominates. Solvation of one or both of the diastereocisomers 
would not prevent the establishment of an equilibrium between them, provided that other 
circumstances were favourable. 

During the last ten years we have given much consideration to the possibility of detecting 
a stereochemical equilibrium which is of the general type outlined but arises from the union 
such as has often been shown to exist between solute and solvent. There would be no formal 
covalent or ionic bond between S and U, but a looser association such as might be provided by 
the hydrogen bridge. The ideal experiment, as we conceived it, was to dissolve an optically 
labile substance in an optically stable solvent with which it might be expected to associate and 
to look for the mutarotation which should accompany equilibration (if the optical instability 
and the extent of disturbance of the equilibrium were in the observable range) 

Since carboxylic acids are known normally to form dimeric molecules, it is probable that 
analogous inter-acid complexes are formed between two acids, so that an obvious type of 
experiment would be to dissolve an optically unstable acid (U) in an optically stable, resolved 
acid as solvent (S). So far this has not been found practicable, and we have had recourse to 
the less satisfactory experimental procedure of dissolving in chloroform two acids, one optically 
active and optically stable, the other racemic and optically labile. As substance (—)S we 

~ selected (—)-sec.-octy! hydrogen phthalate and as substance U racemic 

acid (I), previous examin- 

OH ‘OH ation (Jamison and Turner, /., 1942, 437) of which had shown it to 

(1) possess a manageable degree of configurational stability. A mixture 

of the two acids in chloroform solution did in fact exhibit slow mutarotation well outside 

experimental error. Moreover, the solubility of the acids appeared to increase with time in 

contact with the solvent, an indication that some definite change was in progress before rotational 

examination was possible (cf. Hudson and Janovsky, J. Amer. Chem. Soc., 1917, 39, 1013). 

It thus appeared that first-order asymmetric transformation was being witnessed. On attempt- 

ing to nullify the effect of (—)S by adding (+-)-sec.-octyl hydrogen phthalate, an inconclusive 

result was obtained, for although the total rotation changed at once, it then remained constant. 

Earlier experience had shown that the mutarotation which was observed was almost certainly 

not caused by lactonisation of the unstable acid, all attempts to obtain an active lactone from 
an active acid having failed. 

N-Benzoyl-2 : 4-dimethyldiphenylamine-2’-carboxylic acid, an acid of very low configurational 
stability and known (Jamison and Turner, ]., 1938, 1646) to give a very characteristic “‘ addition 
curve “ with (+)-nor-ephedrine in chloroform solution, was selected as suitable material 
(U) for observing any change in rotation accompanying its addition, in increasing quantities, 
to a chloroform solution of (—)-sec.-octyl hydrogen phthalate. Such a solution had a — 5°88° 
(i = 2). Addition of 0°16, 0°32, and 0°48 equivalent of the unstable acid caused an immediate 
change in rotation of the solution to —6'11°, —6°33°, and —6-48° respectively. Solubility 
limits prevented further additions, but one interpretation of the results obtained would be 
that hydrogen-bridged diastereoisomerides are here behaving similarly to salt-diastereoiso- 
merides. 

Failing, for the moment, a sufficient supply of an optically stable, active liquid acid with 
good solvent properties, attention was turned to other types of optically active solvent. The 
experimental difficulties in attempting to observe first-order asymmetric transformations in 
such a solvent are considerable. First, very few such solvents are available in any quantity. 
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Secondly, any mutarotation observed in them is likely to be small in comparison with the rotation 
of the solvent, so that small differences have to be examined very critically; the temperature 
effect on the pure solvent is often very large and needs close control. Thirdly, observation of 
mutarotation of a solution of an originally racemic substance in an optically active solvent 
could not safely be referred to optical activation in absence of evidence that total precipitation 
of the solute gave an optically active product. Also, if an equilibrium is under investigation, 
such precipitation must be rapidly achieved. 

An optically active hydroxylic solvent which is obtainable in some quantity is ethyl (+)- 
tartrate, particularly suitable for our purpose since, as has long been known, it possesses 
powerful solvating properties. Moreover, it is readily soluble in water, in which most of the 
other experimental material is insoluble, thus permitting rapid removal of solvent and “’ freez- 
ing " of the equilibria in the erstwhile racemic solutes, and subsequent polarimetric examination 
of the solid material obtained. 

The first experiments with ethyl (+)-tertrate were conducted using two acids which had 
previously been shown to possess the desired order of configurational stability (Jamison and 
Turner, J., 1940, 264). N-Benzoyl-2’-chloro-6-methylidipheny! 2-carboxylic acid could 
not be dissolved to a sufficient extent in cold ethyl! (+)-tartrate, so that direct observation of 
mutarotation was impossible : but at about 90° a solution was readily obtained and was cooled 
and kept overnight. The total dissolved solid was recovered by addition of an excess of water : 
in chloroform solution it was levorotatory (observed a,,,, —0°06° 14 minutes after being 
wetted). The next day the solution was inactive. N-Benzoyl-4 : 6-dichlorodiphenylamine-2- 
carboxylic acid was even less soluble than the chloro-methyl-acid in ethyl! tartrate, but a similar 
general procedure led to a feebly lavorotatory acid (observed a,,,, --0°04°, becoming zero 
overnight). 

The acids of this series being so sparingly soluble in ethyl (+)-tartrate, the corresponding 
methyl esters were examined. A solution of methyl ‘-benzoyl-2’-chloro-6-methyldiphenyl- 
amine-2-carboxylate was made by shaking the finely-groand ester (5 g.) with ethyl! (+)-tartrate 
(150 cc.) at room temperature for 15 minutes. The suspension was filtered. Part (A) of the 
solution was placed in a temperature-controlled polarimeter tube (25°), part (B) at once treated 
with excess of water, and part (C) kept at 25° in a thermostat. The observed rotation of A 
changed during 18 hours from +20°51° to +20°47° ( = 5461; J — 2), indicating a slight 
optical activation producing (—)-ester-(+)-solvent. The ester similarly obtained from B had 
{aJ%.. —2°8° in AnalaR chloroform solution (c, 0-900) 2-4 minutes after being wetted with 
solvent. Racemisation followed first-order kinetics. Solution C was treated with water at 
the time that solution A attained constant rotation. The water-precipitated ester had [(«]f%,, 
—3°5° in AnalaR chloroform solution (c, 3:100) 3 minutes after being wetted with solvent. 
Racemisation followed first-order kinetics (period of half-racemisation, 6 minutes), From this 
experiment it was concluded that optical activation of the racemic ester by the solvent was well 
advanced before polarimetric readings were started. This was confirmed by further experiments. 

A solution of 1:00 g. of racemic ester in ethyl (+ )-tartrate (40 c.c.) was made at 80° and 
rapidly cooled to 25°, at which temperature it was kept for 30 minutes. Total precipitation 
by water gave an ester (0°98 g.) with (a), —3°4° in AnalaR chloroform solution 2°56 minutes 
after being wetted with solvent (period of half-racemisation, 9 minutes). 

It would be expected that solvation and therefore optical activation would be less pronounced 
at 80° than at 25°. A solution of the ester (1°00 g.) in ethyl tartrate (40 c.c.) was made at 80° 
and kept at this temperature for 5 minutes and then at once treated with water. The recovered 
ester (0°95 g.) had [a %,, — 1°6° in chloroform solution 2°1 minutes after being wetted. Racemis- 
ation followed first-order ki.etics. 

In other experiments in which the ester was allowed to crystallise from a cooling solution 
in ethyl tartrate, various crops were obtained and were examined polarimetrically. The 
majority were optically inactive, but on one occasion a crop having a slight kevorotation was 
obtained. These crystallisation processes are, of course, not second-order asymmetric trans- 
formations, since the two possible solid phases are not diastereoisomeric in type : crystallisation 
could to some extent, however, be governed by chance inoculation. 

A solution of methyl N-benzoyl-4 : 6 4’-tribromodiphenylamine-2-carboxylate in 
tartrate was kept for a day at room temperature and the total tribromo-ester recovered by 
addition of water. A chloroform solution of the ester had no optical activity. Conceivably 
the considerable steric factors in this ester prevent the union with the solvent which is possible 
with the less-hindered chloro-methyl-ester. 
In order to 
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obtain an alcohol which might be expected to possess suitable 
-bensenesulphonyl-N 


with hydroxylic solvents and it should have a 

that of Mills and Elliott's acid (III) (J., 1928, 1291). A solution of the alcohol (II) in ethyl 
(+)-tartrate was made at 80°, cooled, kept at 25° for 12 hours, and then treated with excess 
of water. The recovered alcohol had +9 1° in AnalaR chloroform solution 25 
minutes after being wetted with solvent. Racemisation followed first-order kinetics (half- 
life, 27 minutes}. Repetition of the experiment gave a product with [aJ},, +8°7° (half-life, 
26 minutes). This is the only recorded example of a racemic substance, in which the optical 
activity has been first demonstrated by asymmetric solvent action. 

A series of experiments was performed with aicohol (II) in other solvents, including ethylene 
glycol (~~ )-menthyl ether, an optically active primary alcohol specially synthesised for the purpose 
by reducing (—)-menthoxyacetic acid with ethereal lithium aluminium hydride. A solution 
of the alcohol (II) in the ether was kept for 2 days at room temperature and then treated with 
excess of light petroleum. The precipitated alcohol was, however, optically inactive. 

Numerous experiments were conducted in order to detect possible optical activation of the 
alcohol (II) in solution in mixtures of chloroform with (+)- and (—)-sec.-octyl alcohols, (—)- 
menthyl glycollate, and (+)-citronellol. In each case the solution was kept in a temperature- 
controlled polarimeter tube. No mutarotational changes exceeding the probable experimental 
error were observed and total precipitation of the solute was not practicable. 


EXPERIMENTAL. 


of 2’-(2" Hydroxy-2”’- -2-carboxylic Acid and (—)-sec.- 
Oust P Solution.-(a) {—)-sec.-Octyl hydrogen phthalate (0-927 ¢.), 
dissolved in 7 c.c. of chloroform (B.P.), had —601° (i 1; thermostatically controlled acketted 
tube; temp. uncorr.). To this solution was added 0-853 g. of (+ )-2’- -(2”’-hydroxy-2” 

2-carboxylic acid, changing to 600°. This value changed during 

(b) The ex 
of BP ly washed 
with water and dried ph (i = 3). 
The (+)-acid dissolved slowly during 21 hours, at the end of which af§f, was —6-05", changing during 
the ensuing 3 days to — 5-90". 

(ec) 2-0 G. of (—)-see.-cctyl hb phthalate were dissolved in 10 c.c. of chloroform (washed and 
dried as before) and mixed with a solution of 140 g. of the (+)-acid in 10 c.c. of chloroform. Approx. 
12 c.c. of this solution were used in the polarimeter tube, the solution having af%J, —10-03° (i = 2). The 
rotation changed meme 3 days to —947° and thereafter remained static. Addition of 0-80 g. of 
(+)-see.-cctyl hyde: te to this solution in an diate change in to —2-17°, 
which was constant 

N-Bensoyl-2° : 4 henylamine-2-carbosylic Acid with (—)-sec.-Octyl Hyd Phthalate 
tn Chloroform.1-00 G. of (—)-see.-octy! hydrogen phthalate, dissolved in 7-5 c.c. of ch . had 

88° 1; thermostatically controlled tube; temp. uncorr.). To this solution was added 
g. of (4)-N-benzoyl-2’ : acid; the rotation, measured 
within 2 minutes of mixing, was aff, —6-11° and was unchanged after 24 hours. After this time a 
further 0-2 g. of (4)-acid was added; of§§ changed to —6-33°. A further 0-2 g. caused a change to 
648°. No mutarotation was observed in any case 

Methyl N-Renzoyl-4 2-carborylate with (—)-sec Alcohol in Chlovo- 
form.5 C.c. of (—)-s0e.-cctyl mixed with 2 of chloroform, had —5-82° = 2; 
thermostatically controlled tube). 5 G. of (+)-methyl N-benzoyl-4 6-dichlorodi 
entbonyiate were added; aff{, read within 5 minutes, was —5-69°. This value was unchanged in 

4 hours 

Ethyl (+-)-Tartrate.1t was found unsatisfactory to attempt to obtain the ester by vacuum-dis- 

nee The ester was prepared by the method of Lowry and Cutter (/., 1922, 
It had + 18-03" in a 2-<dm. tube. 

Glyeol (—)- Ether.—A solution )-menthoxyacetic acid (114 g.) in ether (300 
¢.¢.) was gradually added to lithium aluminium hyd (20 g.) in ether (400 c.c.). ater and then 
dilute sulphuric acid were added and the ethereal layer was separated, dried, and distilled. The reduction 
product was distilled at $4—103°/3-56 mm. Redistillation gave 59 g., b. p. 100—-101°/3-5 mm. (Found : 


lamine (11) was 
synthesised by condensing 2-chloroethyl alcohol with §-nitro-N-benzenesulphony!-|-naphthy!- 
amide in presence of alcoholic alkali. The alcohol (II) has a number of advantageous pro- 4 
perties: it is primary and therefore might be expected to form hydrogen-bridged structures j 

Oy OF | 

(It) Itt.) 
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C18; 129. 719; The sther had @j 0-9371 and all, —18-29° 


water and 13-8 ¢.). 
138—139° (74 ‘oun 
N, 7-5; S, 86 


$7x 10° g--mol./l. 
izé¢xio*,, . 


The acetate was obtained from the above alcohol in almost quantitative yield by warming it with an 
hydrochloric acid; the gummy product even solidified and then from ethanol in 
rhombic Pp. Found: C, 583; H, N, 67. 

7-05 44 8%) 

by steam-distillation hisation from aqueous It had m. (ale 
—07-3°, [a Be — 86-0" 25 


2). 
(+)-Citronelio! was kind! kindly supplied by Roberts and Co., Ltd. It was distilled 
before use and had b. p. 216°/745 mm 4°57". 


We thank the of Scientific and Industrial Research, The Royal Soc and Imperial 
Chemical Industries for grants. ae 


University or Lonpow, Beprorp CotiacE. (Recewed, March 31st, 1950.) 


355. The Synthesis of 2-Amino-3- and -5-hydroxrybenzene- 
sul phonamides. 


By D. V. Parke and R. 


2-aminu-6-h 
. These compounds ve been orientated appear to —_ 
the two hydroxyorth wei wale of orthanilamide in 
rabbit. 


WILuaMs (Biochem. J. 1947, 41, xlix) reported the isolation of two 


A (m. p. 188") and -B (m. p 
were believed to be 2-amino-3- (II) and b id 
because the aromatic ring is usually hydroxylated im vivo in the positions ortho and para to the 


SOyNH, SOyNH, 
NH, — NH, + NH, 


dL) 


corresponding nitro-derivatives which theoretically could be produced by the nitration of 


m-hydroxyb 

m-Hydroxybenzenesulphonamide was prepared by diazotization of m-aminobenzene- 
sulphonamide and nitrated at 0° in concentrated sulphuric acid with 1:14 moles of nitric acid. 
A complex mixture of nitro-compounds was obtained in excellent yield. This was separated by 


pounds accounted for some 20% of the starting material, 13% as mononitro- and 7% as dinitro- 
compounds, The main bulk of the mixture was, of course, sacrificed in the fractionation. 
Theoretically m-hydroxyb iphonamide could give rise on nitration to the 2-, 4-, 
and 6-mononitro-derivatives and probably to small amounts of the 2:4-, 2:6-, and 4: 6- 
dinitro-derivatives. In this work we were only interested in the mononitro-compounds; the 


thylamine (14 g.) was dissolved, by warming, in ; % aqueous ethy! alcohol (150 c.c.) comtaiming 
= f Chioroethy! alcohol (9 g.) was added and the mixture was heated in a 
bars. The product, some of which had crystallised, was precipitated with 
in pale yellow needics, m. 
58-5; H, 44; N. 73; $87. C,H, 25 requires C, 68-1; H, af. 
ular weight was determined cryoscopically in ethylene dibromide | 
Mol. wt. found. Association, %. 
419 224 
2-Amino-3-hydroxybenzenesulpbonamide has been synthesized from m-hydroxybenzene- 
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dinitro-compounds were isolated incidentally and no attempt was made to determine their 
structure. 

Although we expected to obtain three itro-derivatives we only succeeded in isolating 
two. Whether or not a third occurred in the mixed product could not be proved unequivocally. 
The least soluble mononitro-compound isolated formed dark yellow plates, m. p. 169—170°, 
and was readily proved to be 4- -aitro-3-hydroxyb b de (IV) by reduction to the 
known 4-amino-3-hydroxyb de which had been synthesized by Thorpe and 
Williams (Biochem. J., 1941, 35, 61) from benzoxazol-2-one. 

The second mononitro-compound isolated formed pale yellow silky needles, m. p. 189-- 
190°, and could be either 2-nitro-3- (V) or -5-hydroxyb Iph ide (VI). On reduction, 
this nitro-compound yielded an amino-3-hydroxyben Iphonamide, m. p. 190°, which 
was identical (mixed m. p.) with the hydroxyorthanilamide-A isolated from rabbit urine. For 
reasons given below, this is the 2-amino-3-hydroxy-derivative (II) and therefore the mono-nitro- 
compound, m. p. 189-—190°, is the 2-nitro-3-hydroxy-derivative (V). 


SOyNH, SOyNH, 
( lon on 


(v) (VI) 
8-Amino-6-hydroxybe Iph ide (IIT), m. p. 181°, was obtained from 5-bromo-2- 
amid (Vil), prepared by bromination of orthanilamide in glacial acetic 
acid. The: structure of (VII) was proved by heating it at 180° with 80% sulphuric acid whereby 
it was converted into »-bromoaniline. On fusion of (VII) with sodium ‘hydroxide the hydroxy- 
SO, NH, 


(VIL) 


derivative (111), m. p. 181°, was obtained in poor yield. The structure of (111) follows from that 
of (VII). Hence by elimination the structure of the amino-derivative (II) and its parent 
nitro-derivative (V) is also proved. 2-Amino-5-hydroxyb b ide appeared to be 
identical in all its reactions with the hydroxyorthanilamide-B of Stubbs and Williams (loc. cit.), 
but comparison by mixed melting point was not possible as none of the metabolite was available. 


EXPERIMENTAL, 


m-H ydroryd ph _—Metanilamide (5 g.; m. p. 140°), dissolved in a mixture of 
sulphuric acid (20 cc.) and water (40 c.c.), was diazotised at 0° with sodium nitrite (2 g.) in water 
(20 ml.) and then heated on the water-bath until the evolution of nitrogen ceased. After the mixture 
had been kept overnight at 0°, the crystals of m-sydrorybenzenesulphonamide were collected. A further 

uantity of the compound was obtained by exhaustively extracting the filtrate with ether (total yield, 
f. On recrystallization from water (charcoal), the sulphonamide was obtained as large, rx | 
yellow, thick, hexagonal! plates, m. p. 166-—~166° (Found C, 41-5; H, 4-06; S, 19-0 aH, O,NS 


requires C, 41-6; H, @ 1; N, SI: S, 185%). A strom ueous solution gives a pu colour with 


dilute ferric chloride solution Light absorption Aug 285—286 mp.; = 2700. 

Nutration of m-Hydroxybensenesulphonamide.——To the sul shonamide (10 g.), dissolved in concen- 
trated sulphuric acid (65 ¢.c.) and cooled to 0°, was slowly added a mixture of nitric acid (42 c.c.; d 
1-42) and concentrated sulphuric acid (45 c.c.), the temperature being kept below 5°. After an hour 
at room temperature, the mixture was poured on ice. The resulting yellow solution was extracted with 
ether which, when evaporated, left a vuhew crystalline mass (11 g.). epeated fractional crystallization 
of this product from water yielded only one pure ——. nitro-3-hydroxybenzenesul — 
This formed long dark yellow pilates, m. p. 170° (Found 33-3; 26; N, 12-90; S, 14-4. aH 
—— C, 330; H, 28; N, 12-0; S, 147%). It was slightly soluble in cold water but readily solu 

ot. It givesa deep orange colour with aqueous sodium hydroxide and a slight reddish-violet colour 
with aqueous ferric chloride 

The nitro-compound (0-4 g.) in water (10 c.c.) was heated with iron powder (1 g.) and dilute acetic 
acid (1 cc.) until the yellow colour disappeared (ca. 10 minutes). The mixture was filte.ed and the 
dierete continuously extracted with ether for 24 hours. The ether was evaporated off and the brown 
reakiue dissolved in a little ethanol and treated with charcoal. Carbon tetrachloride was then added 
to the filtered alcoholic solution until incipient precipitation occurred. The solution was warmed until 
the precipitate redissolved | on cooling, long pale brown oN . 164°, separated and were identified 
as 4-amino- }-hydroxybenzenesulphonamide mixed m 2% and colour reactions (cf. Thorpe 
and Willams, Williams, Biochem. ]., 1946, 40, 219; 

Chromatography of the Nitration Prodiact —The product of the . oe of m-hydroxybenzene- 
sulphonamide was obviously complex. The crude nitration product obtained by ether-extraction as 


| | 
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above was dissolved in water and the solution 


needles, m. p. | 1 
C, 33-0; H, 2-5; N, 12-9; S161. C,H,O,N,S requires C, 33-0; 2-8; N, 12-6; S, 147%), 
readily soluble in water and giving slight reddish-violet colour with aquecue ferric chloride aad an 
orange colour with aqueous sodium hydroxide. The yields from 1! g. of aitration mixture were é-nitro- 


0-7 g. and 2-nitro- 0-58 g. 
2-nstro-compound (0-3 g.) was reduced minutes with 
wen powder end acid solution was filtered and 
extracted continuously with ether. The extract was evaporated and the 
from ethanol-carbon tetrachloride. Thus m. 190", 
mi tor spectrom) C,H,O,N,S requires C, 38-3; Hi #3; N, 
0%) (see spectrum). compound gives a green colour 
ferric ch under certain conditions 


ound 35-5 7; N, S, 16-7 by Ses and Williams ( ett.) from the 

urine of rabbits fed with orthanilamide and is tical with it in all respects. 
The upper chromatogram band, on further was resol 


ues tote 


lab 


tive solu- Yield, 


C,H,O,N,S 19 «160 122 

requires 256 25 49 — 
Reduction of the Nitration Product.—The separation of the components of the product of nitration 
compounds small. Better yields, however, were obtained when the c nitration uct was first 
reduced and the amino-c 
A solution of the a:tration product (20 g.) in hot water (250 c.c.) was boiled with iron powder (50 g.) 
and dilute acetic acid (5 ml.). A few crystals of sodium dithionite were added to the hot solution to 
reduce the black oxidation products of the des, and the solution was filtered 
hot and thea continuously extracted with ether for 12 hours. Evaporation of the ether left a mixture 
of amine Iphonamides, which was fractionated by crystallization from water after clarification 
with charcoal During the crystallizations the solutions were kept in stoppered flasks and a few crystals 
of sodium dithionite were added. 2-Amino-3-hydroxybenzenesulphonamide (4 g.) tec first, asa 
mixture of red and low crystals (m. p. 190°) which were identical except in colour. From the mother- 
-brown plates of 4-amino-3-hydroxybenzenesulphonamide (m. p. 164°, 0-1 g.) were 


2-Amino-5-h benzene sulphonamide. —5- Bromo-2-aminobenzenesulphonamide. To orthanilamide 
5-2 g.) in glacial acetic acid (75 c.c.}, 2-8 g.) in acetic acid (15 ¢.c.) was ually added 
uring 5—10 minutes with gentle warm a shaking. After 15 minutes the solution was 
poured into water (25) c.c.), whereby the slamide was precipitated ; it was filtered off after 
several hours (4-2 .). Repeated Sn on from 25% aqueous gave the pure mess 
as almost white amy ye = (Found: C, 265; H, 2-8; N, 10-6; Br, 33-0. 
C,H,O,N,SBr requires C, 26-7; H, e ins; Br, 31-68%) (see Parke and Williams, loc. cit., for 
absorption spectrum). 


Conversion of 5-bromo-2 lph into p-bromoantline 
compound (1 1c) 80% sulphone ci (10 ml.) was heated at 180° for 10 minutes 
solution gradually became violet, this colour gradually becoming more intense. After saline ee 
cooling. When the solution was made slightly acid with dilute sulphuric acid, unchanged br 
orthanilamide was Sa: this was removed by filtration. The filtrate was made slightly alkaline 
with dilute sodium hydroxide solution, bromoaniline being precipitated. This was extracted with ether, 


and the extract dried (Na,SO,). E of the other 

was dissolved in 2x-hydrochloric acid 5 c.c.) and water (20 ml. ization at 0°, 

p-bromoaniline hydrechloride separated as needles ( 20%) free base was 
and after 


recrystallization from colourless clusters of 
needles (Found: Br, 470. Cale. for C,H,NBr : Br, 46-5%), m. p. 63-64” * not depressed 


ee on a column (1 = 40 cm.) of actevated alumina 
upper cc the of 
homer ene The yellow solution was acidified with dilute 
bydrochioric acid, saturated with sodium chiorde, and extracted with ether. E of the ether 
The less solubie was 4 nitro-3-hydroxybenzenesulphonamide (m 160-170") described above. The 
ds were separated by cutting the column and extraction with water. Three dintiro-m-Aydrosy- 
benzsenesulphonamides whose properties are given in the table were thus obtained. 
Found, % : 
Location in 
No. upper band. Description. M. p. ity in water. g- Cc, H. N. 8. 
1 Middle yellow 208—200° Least soluble 008 276 105 169 12:26 
clusters 
2 Top Short dark 235 045 281 18 163 119 
yellow needles 
3 Bottom Pale yellow 248 Most soluble O16 267 255 Wl — 
short needles 
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product from er p-bromoa: etanilide m. 
mm. p. 168", . was obtained (Found : Cale. tor C,H Br Br, 37.3%). 
onpertion di 


into 2-amsno-5- 
5 After being heated for a few minutes, 
. The solution was with 
concentrated hydrochloric acid with cooling and then made neutral with saturated aqueous sodrum 
of Shourseach. Each ethereal extract was to dryness, and the residues were dissolved in a 
little hot water with the addition of little sodium dithionite, treated with charcoal, and filtered. The first 
extract gave only tars; the other three gave on! tars on cooling, but, on concentration of the mother- 
| these tars, 160 mg. (43%) of 2-amino-5- hydroxyb de, m. p. 179-— 
1 were obtained. Recrystaliization from water eventually gave the pure compound, m. p. 1s— 
lang plates (Pound: C, 3&7; H, #3; S,17-4. requires C, 38-3) H, 4-3; 
8S, 170%) — = absorption: Maxima at 211, 255, and 338 mp.; Geog = 18,100, 7,800, and 3,200 
respectively) readily soluble in hot water and moderately soluble in cold. With ferric chloride 
it gave an intense violet-red colour, soluble in ether. On addition of a drop of dilute aqueous ammonia 
to its aqueous solution, an intense violet colour gradual! ee ae this colour is not given by 2- or 
4a 3-hydroxyb ph de, but is given 4 hydrox 
came cso predteed very whos on or tion is exposed to air. 
Diagzotization followed by coupling with dimethy!-e-naphthylamine gives an intense violet colour, as 
does that of p-aminophenol. 


Department oF Biocuemistry, 
St. Mary's Hosprrat Mepicat Scnoot, Lonpon, W.2. (Received, April 1st, 1950.) 


356. Derivatives of Benz-1 2: 4-thiadiazine 1: 1-Dioxide. 
By D. V. and R. T. 
and substituted orthanilamides when heated with urea at 180° give rise to 


Orthanilamide 
3-keto-3 : 4-dihydrobenz-1 : 2: 4-thiadiazine | : l-dioxide and its derivatives. re has been 
shown that in this reaction cyanic acid, formed by the decomposition of urea, combines with 


the orthanilamide to give a soapy eee urea which then cyclizes with loss of ammonia to form a 
A of benathiadiazine 


1: L-dioxide derivatives has been made by 
beating teh ot 160°. Observations on the spectra of these com- 
pounds have also been made. 


Our interest in the chemistry of the benzthiadiazine system was aroused when one of us 
(Williams, Biochem. ]., 1045, 38, xi), suspected that a crystalline compound (Found: C, 48°5; 
H, 63; N, 142; S, 160. Calc. for CJH,O.N,S: C, 48°96; H, 4:1; N, 14:3; S, 16°3%) which he 
had isolated in small amounts from the urine of rabbits dosed with orthanilamide (o-amino- 

de) was 3-methylbenz-1! : 4: 2-thiadiazine 1 ; I-dioxide (1; R Me) [this 
compound can also be formulated as a 1: 2: 4-thiadiazine (Ia)}. It was suspected that this 


(le.) aL) 


compound had arisen by dehydration of acetylorthanilamide, a metabolite of orthanilamide. 
Only four compounds of this heterocyclic series had been recorded in the literature, namely, 
benz-1 ; 2: 4-thiadiazine 1 ; I-dioxide itself (1; K « H) and its 3-methyl and 3: 4-dimethyl 
derivatives ([Ekbom, Bihang, K. Svenska Vel.-Ahad. Handi., 1902, 27 (11), 3), and 3-keto-3 : 4-di- 
hydrobens-I : 2: 4-thiazine | l-dioxide (II) (Schrader, J. pr. Chem., 1917, 95, 392). It seemed 
of interest, therefore, to study further the chemistry of this type of compound. 

The 3-keto-derivative (II) has a saccharin-like taste and was prepared by Schrader (loc. cit.) 
from saccharin by way of o-sulphonamidobenzoylazide during a Curtius rearrangement. We 
have found that it can very easily be prepared in excellent yield by heating orthanilamide with 
urea at about 180° Substituted orthanilamides react similarly and we have prepared the 
6-nitro-, 7-bromo-, and 5-hydroxy-derivatives of (II) from 4-nitro-, 5-bromo-, and 3-hydroxy- 
orthanilamide, respectively. 7-Nitro-3-keto-3 : 4-dihydrobenz-1 ; 2 : 4-thiadiazine 1 : 1-dioxide 
was readily obtained by nitration of (II). 

As the temperature of the senction to ammonia and cyanic acid end 


NH 
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it appears likely that orthanilamide (111) actually combines with cyanic acid to give a substituted 
nrea (IV or IVa), which could then lose ammonia to give (II), The possibility of the formation 


an) 


| S0,NH-CO-NH, 


of (IVa) in such a melt reaction has to be considered because, for example, White, Bratton, 
Litchfield, and Marshall (/. Pharmacol., 1941, 72, 112) have shown that, when sulphanilamide is 
fused with dicyanodiamide, the sulphonamide group is attacked and the product is mainly 


yiguanidine. 

(V) was prepared from orthanilamide and phenyl ssocyanate at 100°. When carefully heated, 
this decomposed to aniline and (II). When orthanilamide and phenyl isocyanate are heated 
together, the formation of (Va) is possible; however, the product of the reaction appears to be 
{V), because it gave negative tests for an aromatic primary amino-group and was readily soluble 
in alkali but not in acid. 

Two other possible structures (VI and VII) can be written for (II). We have been able to 
show, however, that the compound has the lactam structure (II). On methylation the lactim 


SO, SO, 

OH 
Nu 
(V1.) (VIL) (VIIL) 


structures (V1 or VII) should yield a 3-methoxy-derivative (I or la; R = OMe) whereas the 
lactam structure should yield a N-methyl derivative, probably (VIII), With methyl sulphate 
and alkali, the compound yielded a monomethy!l derivative which contained no methoxy! group 
(Zeisel method) and is probably 3-keto-2-methyl-3 : 4-dihydrobenzthiadiazine 1 : |-dioxide 
(VIII). The ultra-violet absorption spectrum of this compound was very similar to that of (II) 
and quite different from that which would be expected for the lactim structure (VI or VII). 
Compounds with the lactim structure (I or Ia; K = H) were readily obtained by heating 
orthanilamide or its substituted derivatives with formic acid at 100° (cf. Ekbom, Joc. ei/.). 
5-Hydroxy-, 7-bromo-, and 6-nitro-benzthiadiazinle : 1-dioxide were prepared from 3-hydroxy-, 
5-bromo-, and 4-nitro-orthanilamide respectively. The 3-methyl derivative (I or la; R = Me) 
was prepared by heating diacetylorthanilamide—it was originally prepared by Ekbom (ioc. cit.) 
by heating etylorth , but we were unable to prepare the monoacety! derivative 
by heating orthanilamide on the water-bath with acetic anhydride according to his directions. 
We found that acetic anhydride and orthanilamide gave mainly diacetylorthanilamide. By 
use of equal volumes of acetic acid and acetic anhydride a mixture of acetyl derivatives was 
obtained, from which etylorthanilamide could only be obtained with difficulty and in 


1: 1-dioxide, even on recrystallization 
pyridine and acetic anhydride yielded diacetylorthanilamide y. 
Since 3-keto-3 : 4-dihydrobenzthiadiazine | : 1-dioxide has a very sweet taste, the tastes of 
its derivatives are recorded in the Table I. Benzthiadiazine 1: l-dioxide derivatives not 
a keto-group were either tasteless or slightly bitter. 
ketodih: 1: I-dioxides (IT) in ethanol showed 


the position of the maxima (sce Table II), except for that of longest wave-length which is 
shifted in all cases to a shorter wave-length. The spectra of the benzthiadiazine | ; |-dioxides 
(1 of Ia) in ethanol, however, were different from those of the keto-dihydro-derivatives (II). In 
general, the former showed two absorptions bands (Table I11) instead of the three shown by the 


¢ 
\SOyNH-CO-NHPh 
\ 
(Va) 
three absorption bands which appeared to correspond to those of the parent orthanilamide ; 
The formation of the second ring with the introduction of a keto-group had little effect on 
4 
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I. 


1-Nitro-3-keto-3 4-dihydrob 


* In 0-In-NaOH. 


Tasie 


Compound.* X 10%, Ane, my 
Bensthiadiazine |. l-dioxide 207 
3-Methyl derivative 
7-Bromo- 215 


6-Nitro- 


EXPERIMENTAL. 


Absorption spectra were determined with a Unicam Quartz Spectrophotometer, Model S.P. 500. 
M. p.s are uncorrected 

Keto-3 4-dihydrobens-1 2: 4-thiadiazine 1: 1-Diowide Derivatives.—3-Keto-3 : 4-dihydroben:- 
thiadiazine 1: l-diowide, Orthanilamide (10 g.) and urea (7 g.) were intimately mixed and heated to 
180°. Ammonia was evolved and after 30 minutes the mixture suddenly crystallized. The product was 
cooled and dissolved in hot water (100 c.c.), treated with charcoal, and filtered. On acidification of the 
solution with dilute hydrochloric acid, the compound crystallized. After an hour at 0°, the white crystais 
were filtered off, washed with water, and dried (10-4 g., 94%). The compound (colourless needies) was 

rifled by recrystaliization from water containing a little ethanol. It had a very sweet saccharin-like 
and m. p (Sehriider, oc. cit., gives m. p. 287—288") (Found : C, 42-8; H,3-1; 14-1. Cale. 
for C,H,O,N,S 424; H, 30; N, 161%). The substance was acidic and dissolved in sodium 
carbonate oA with effervescence. 

On with methyl! sulphate and alkali, it gave 3-Aeto-2-methyl-3 4-dshydrobensthiadiazine 
1: L-diowide pan needles, m. p. 238—-240", from aqueous ethanol (Found : C, 45-0; H, 
33; N. 120 Me. 6 C,H,O,N,S requires C, 45-3; H, 3-8; N, 13-2; OMe, 0%). 

7-Nitro-3 eto. 4-dihydrobens iasine l-diowide. The 3-keto-derivative (10 g.) was dissolved 
in concentrated sulphuric acid (10 c.c.) and nitrated at 0—65° with a mixture of concentrated nitric 
3-5 c.c.) and sulphuric acids (4c¢.c.). The product was poured on ice and the solid which separated was 

tered off and washed with ice-water. On lization hot water, the was 

obtained as pale bufl-coloured plates, m. p. 283° ) (Pound : 17-1; S, 120. C,H,ON,S requires 
N, 17-3; 13-29%). With 10% aqueous sodium hydroxide sodisom salt, insoluble 
in strong alkaline solution (Found : Na, 8-8. hyd O,N,SNa requires Na, 


3-Keto-3 ¢-dihydrobensthiad- very sweet 7-Bromo-derivative almost tasteless 
azine | : 1 -dioxide (faintly acid) 
7-Nitro-derivative intensely bitter tasteless 
6-Nitro- slightly bitter 2- « 
Tasce Il. 
m mp. my. 
y 9-Keto-3 4-dihydrobensthiadiazine 1: I-dioxide 108 280 17 
| (43 109 «290 20) 
3-Keto-2-methyl-8 4-dihydrobensthiadiazine 1 : I-dioxide 200 249 126 200 21 
E-Bromo-orthamilamide 206 260 253 120 324 
7-Bromo-3-keto-3 ; 4-dihydrobenathiadiazine 1 I-dioxide ... 206 246 256 145 305 1-7 
240 (22-7 
6-Nitro-3-keto-3 4-dihydrobensthiadiazine 1; I-dioxide ...... — —{ 38 "27 
210 246 ~252 52 325 52 i 
5-Hydroxy-3-keto-3 ; 4¢-dihydrobenzthiadiazine 1; I-dioxide 210 364 247 68 208 34 | 
(218 244 260 76 314 5-6)° 
enrthiadiazine 1: I-dioxide ...... 205 172 5-2 {335 125 
ex 10% Aus mp x 10%. 
76 ous 
79 ous 
iss 292 10-4 
~ 
j * In ethanol. 
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fora tow months thetalt came meaty Whites When kept 
for a few months the salt became nearly white 
8 Fv were intimately mixed and 
Amraonia was evolved and after 15 minutes the melt The 
dissolved in hot water; the solution was sy the 6-mstro- 
compound crystallized as &) 7 20; 69; S, 12-5. 
C,H,O,N;S requires C, 34-6; 21 S, 132%). This 
which became red when hea: 


) and urea (0-5 g.) were heated to 150°, age tty 
* and after The temper 
filtered. Acidification of the filtrate with 


N, 10-1; Br, 


amide (229 mg.) intimately mixed with urea (150 mg.) 
boiled with water (charcoal) and filtered. On acidi 
(160 mg., 61%) as white needles, m.p. 275°. Itgavea 
iv., C,H,9. uires uiv., 214 
CH,CO, 174. C,H,O requires CH,-CO, 16-8 
N-Phenyl-N’- —Equa! weights of orthanilam (2g. ) and pheny! 
were heated together at After an hour, the solid 
was dissolved in hot Sasa ‘(charcoal) and filtered, and crystallization induced by dilution with water 
ueous ethanol and formed soft matted 
p. 180° (Found : C, 541; H,47; N,1¢1. C,H 53-6; H.45; N, it 4%) 
This poe tor a gave no colour when diazotized and cou alcoholic d 
It readily dissolved in dilute aqueous sodium hydroxide, Swananaioee soluble in dilute } byduochloris 
acid. 


Action of Heat on N-Phenyl-N'-(o-sulphamylphenyl) —The compound (0-5 g.) was heated 
ot 420° for on in 0 tast-tabe with Aniline distilled (identity proved by colour 
reactions) and was collected in 5 c.c. of 10% sulphuric acid. The solution of aniline sulphate was made 
alkaline and extracted with ether. The ether was removed and the residual aniline converted into 
acetanilide (22 mg.), m. p. 112° not depressed by admixture with authentic acetanilide, m.p.115°. The 
residue in the test-tube was dissolved in boiling water, treated with charcoal, and filtered. On t— 
fication with hydrochloric acid and cooling, 280 mg. ot were obtained. 


on recrystallization from water (charcoal), formed colourless needles which were identified by 
tra and mixed melting a as 3-keto-3 : 4-dihydrobenzthiadiazine | : 1-dioxide. 
Benz-| : 4: 2-thiadiazine 1: 1-Dioxide Derivatives.—These compounds were by heating the 
te orthanilamide ain with an equal weight of anhydrous formic for an hour on the 
water-bath. The product was poured into water and the crystals filtered off. 
The following were prepared : 6- Nitrobensthiadiazine 1 \-dioxide, obtained in yield 


pistes, mp. 338 aminoben de (0-12 g.) and formic acid (0-2 c.c.), six-sided yellow 

pistes * (decom }, which were very y soluble in water (Found: C, 35-7; H, 2-5; N, 
Hows S,0-5H. requires C, 35-6, 2-6; N, 17-8%). Its colour was not intensified on 

ol hydroxide, The 7-bromo-com; nd (from $- bromo-orthanilamide) formed plates, 
p. 285°, trom ethano (Found : C, 32-8; H, 1-0; N, 10-1; Br, 28-5. C,H,O.NSBr requires C, 32-2; 
H, 1-9; N, 10-7; Br, 30-6%). The 5-4 ey pand (trom 3-hydroxyorthanilamide) formed light- 
brown prisms, m. p 263°, C, 42-6; H, 3-2; N, 14-05; $, 163. C,H,O.N,S requires 
C, 42-4; H, 3-05; N, S, 162%). thes hiadiazine 
1: 1-dioxide, m. p. 222°, was prepared according to Ekbom’s directions (Joc. cit. ; he gives m. p. 219— 
220°) from Grthanilasside ide and formic acid. 

3-Methylbensthiadiazine |: 1-Dioxide. Acetylation of Orthanilamide.—Orthanilamide (5 g.) was 
added to a mixture of pyridine (5 ¢-c.) and acetic anhydride (10 c.c.). , The amide dissolved in 5 minutes 
and the mixture became warm. caret morning, the ety! de was 
off, washed with water are 4-8 g.), and recrystallized from hot water; it formed prisms, m + -4 
(Found : C, 47-3; #9; 10-6. for CH yO : C, 46-9; H, 47; N, 10-99%); Ekbom ( 
gives m. p. 191-5 —~192-5°. When heated for 2 hours at 200° it yielded 3- 1-4i- 
oxide, m. p. 269° (Ekbom gives m. p. 263-264"). 


fle 
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ature was allowed to rise t 
im hot water and the sol 
hydrochloric acid = 
ithad m. p. 335 ound: N, 10-1; Br, 204. C,H,O.N,SBr requir 
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357. Properties and Reactions of Free Alkyl Radicals in Solution. 
Part I, Some Reactions of 2-Cyano- and 2-Carbomethory-2-propyl 
By A. F. Bicker and W. A. Watexs. 


The treo radicals ond CH con be the thermal decomposition of 
1) and ~azotsobu I) in boiling toluene. Their 

ve been st with of oom. 

and rate-retarding actions of quinones in olehn 

inone and chioranil react with these tertiary 


of quinol and tetrachloroquinol a 


isobutyrate (I) and aa’-azotsobutyronitrile (11) yields free tertiary alkyl radicals. These 
radicals are capable of initiating polymerization and are very similar in structure to the growing 
radicals which are concerned in the polymerization of vinyl compounds (Bickel and Waters, 
Rec. Trav. chim., 1950, 69, 312, in the press). 1 ; A = H) for instance can be 
regarded as the end group of a growing poly(methyl methylacrylate) radical, and similarly the 
radical (IV; A = H) is the prototype of the growing chain of poly(methylacrylonitrile). 


A—CH,—¢- A—CH, 


(IvV.) 


When polymerization processes themselves are studied the carbon chain, represented by 
A in (ITT) and (IV), is so large that the many chemical reactions which may be concerned in 
chain-terminating processes have, as yet, been investigated only by kinetic methods. This 
physico-chemical approach is incapable of revealing more than the activation energies and 
probabilities of occurrence of reactions of different types, ¢.g., radical combination, dispropor- 
tionation of two radicals, chain transfer; it can give very little precise information about the 
structural arrangement at the chain-terminating end of a macromolecule. Information of this 
character is particularly important in the study of polymerizations which have been controlled 
deliberately by the addition of “ radical inhibitors " or “ retarding agents " such as quinones 
of aromatic nitro-compounds or have been modified by the admixture of chain-transfer agents 
or co-polymerizing substances. The spectroscopic study of these modified macromolecules 
gives, at the best, an uncertain impression of the structures of their end groups since the 
modifying group composes such a small part of the whole molecule that distinctive absorption 
bands appear only with low intensity. Moreover, it may be impossible to discriminate between 
isomeric structures, or between mono- and di-substituted products. Again, unless a tedious 
separation of fractions of different molecular-weight range has previously been carried out, it may 
well be that some part of the modifying agent remains chemically intact though mechanically 
entangled in the polymer. 

However, if it can be presumed that the simple radicals (I11) and (IV), where A = H, will 
behave in a very similar way to the analogous macromolecular radicals, then the structures of 
the end groups of macromolecules can be deduced by the exact methods of experimental 
organic chemistry. We have already shown (Bickel and Waters, Joc. cit.) that the decom- 
position of aliphatic azo-compounds in the inert solvents benzene and toluene indicates that the 
termination of radicals of type (III) proceeds by combination and disproportionation processes 
in comparable amounts, but that the latter process is much less probable with radicals of type 
(IV). 

Knowing the products which can be formed by the thermal decompositions of (I) and (II) 
themselves, we have now proceeded to examine the substances which they yield when decomposed 
in boiling toluene, and we have been 
successful in isolating and characterizing crystalline reaction products which clearly indicate 


pot | 

alky! radicals to give both mono- and 

whilst 2-methyl-1: 4-naphthaquinone and some 

to react. The significance of this work is discussed in connection with the free-radical | 

of olefins. 

% Tug thermal decomposition, in solution, of aliphatic azo-compounds such as dimethy! aa’-azo- | 

| 

CH, 4 
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the course of free radical-inhibitor molecule interactions. The success of our method is such 


proportion of p- 2-carboxymethyt- 
(VII; Re end quincl ether R= 
R’ = CO,Me) are formed in yields of 46 and 27% respectively. The di-cther could be isolated 
as such from the reaction mixture, but extraction of the mono-ether with alkali results in its 
hydrolysis to the corresponding acid. This compound on methylation with diazomethane 
yields the methy! ether of (VII; R = H, R’ = CO,Me), whilst on oxidation with ferric chioride 
p-benzoquinone is formed. These reactions clearly prove the structure of (VII; R = H, 
R’ = CO,H) and exclude the possibility of substitution by the radical in the benzene ring. 
When «a’-azoisobutyronitrile (II) is used, the quinol mono-ether (VII; RK = H, R‘ = CN) 
is again obtained in a yield of 40%, but the di-ether is formed in a yield of 10% only. Further- 
more the benzoate of a compound, probably (X), could be isolated in a 3% yield 
When (II) is allowed to decompose in boiling toluene containing half an equivalent of 
chloranil (V; RK = Cl), there is no abstraction of chlorine atoms from the latter. Again both 
the mono- (VII; K = Cl, R’ = CN) and the di-cther (VIII; R = Ci, R’ « CN) of tetrachloro- 
quinol are formed, showing that the radical attack is upon the oxygen atoms only, but in this 
case the yield of the di-ether (47%) is much larger than that of the mono- (17%). 
The formation of all these compounds is 
production of semiquinone radicals of type (V1) or (LX). 
portionate with the tertiary alkyl radicals of type (III) and 
or methylacrylonitrile formed in the disproportionation reaction is not found as 
probably incorporated in neutral material of high molecular weight which is 
extent of 20—40%, in these reactions. 


CHCMeR’ 


Su (VIL) 


- 
(V1) combination 


(VUIL) 


+V 
{+¥) 


On 
(X.) (Ix.) 
2-Methyl-1 ; 4-naphthaquinone was not attacked by the radicals derived from (II), and 
neither were mesityl oxide and cinnamic aldehyde, both of which contain the reactive catio-enoid 
system C—C—C——0 to which much of the characteristic chemical reactivity of quinones has been 
ascribed. Finally it was established that the radicals (III; A — H) do not react with quinol. 
It is significant therefore that the free radicals (III) and (IV) (A « H) have a sufficient degree 
of reactivity to attack only highly active quinones. An explanation for the relative inhibiting 
actions of different quinones can therefore be sought by extending the present work to the 
examination of the products obtainable from a series of substituted quinones. 
Our work does not confirm several of the speculations concerning the modes of action of 
quinones as inhibitors, retarders, or chain-transfer agents in the chain polymerization of olefins. 


When dimethyl a2’-azoisobutyrate (I) is decomposed in boiling toluene with an equimolar 
| 
? 
Ry 
Vv) 
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The nuclear substitution of quinones, to give quinonoid products, has been proposed by Price 
(" Reactions at Carbon-Carbon Double Bonds,” Interscience, New York, 1946, pp. 85-—87), and 
others, who have based their judgments on the behaviour of such intensely reactive free 
radicals as methyl and phenyl. Thus ben di chloride reacts with p-benzoquinone 
to give 2-phenylbenzoquinone (Kvalnes, J. Amer. Chem. Soc., 1934, 56, 2478), whereas diacyl 
peroxides of both the aliphatic and the aromatic series react with 2-methyl-1 : 4-naphthaquinone 
to give 3-substituted products (Fieser and Oxford, J. Amer. Chem. Soc., 1942, 64, 2060). In 
contrast to this it has long been known that the resonance-stabilised radical triphenyimethyl 
combines with p-benzoquinone to give the bistriphenylmethy! ether of quinol. Our tertiary 

radicals (111) and (IV) (A « H), which closely resemble the corresponding macroradicals, behave 
similarly in yielding quinol mono- and di-ethers. It would appear therefore, that Price's 
explanation of the manner of retardation by quinones cannot be correct in the case of tertiary 
macro-radicals. Instead the mechanism must involve semiquinone radicals of type (XI), which 
may combine or disproportionate with radicals (XII) to yield (XIII) and (XIV). 

AM: + M AMZ... ()) 
(MIL) 


(XI) 
(XI) + AM, — 


(XIIL) 


NIV 


A = initiator fragment. M — monomer. 
and m aumber of monomer units in chain. 


When the reaction (2) between radical and quinone is relatively slow compared to the 
propagation reaction (1), the quinone may be classed as a retarding agent. In these 
circumstances the combination mechanism (3) would lead to polymers possessing one di-ether 
system per chain, whilst the disproportionation reaction would result in half the molecules 
containing a phenolic hydroxyl group. Reactions (2—4) represent retardation by p-benzo- 
quinone of a polymerization involving mono-radicals, ¢.g., those initiated by radicals produced 
by decomposition of benzoyl peroxide or azo-compounds, In this kind of polymerization 
complete inhibition is unknown, in other words the propagation (1) appears to be able to 
compete more or less effectively with the radical-inhibitor reaction (2). 

When, as in thermal! and photo-polymerizations, a di-radical is the chain carrier, complete 
inhibition is known to occur in several instances (Foord, J., 1940, 48; Goldfinger, Skeist, and 
Mark, J]. Physical Chem., 1943, 47, 578; Burnett and Melville, Proc. Roy. Soc., A, 1947, 189, 
456; Melville and Watson, Trans. Faraday Soc., 1948, 44, 886). In these cases, however, it 
seems probable that the inhibition reaction is of a type different from that outlined in (1—4) 
above and it may involve a very fast modified Diels-Alder reaction of the quinone with a 
dimeric di-radical produced by the initiation reaction. The structure of this product, however, 


CH, 
RHE 
HC. / 
THR 


has never been established with certainty (Kern and Feuerstein, ]. prakt. Chem., 1941, 158, 186; 
Melville and Watson, Joc. cit.). It is surprising that the photo-polymerization of methyl 
methylacrylate in the presence of p-benzoquinone, which has been investigated by Mackay and 
Melville (Trans. Faraday Soc., 1950, 46, 63), shows retardation instead of inhibition. This they 
attmbuted to an unsuitable configuration of the dimeric di- radical caused by the presence of the 
methyl groups. Our reactions (2—-4) will probably be valid for this retardation process. 


(XM) 4 
| 
| | 
RHC 
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The formation from chloranil of both the mono- and the di-substituted ethers of tetrachloro- 
quinol has an important bearing on polymer chemistry. It is known that the addition of 


words chioranil acts as a chain-transfer agent and not as an inhibitor. It has been 
(Price, loc. cit.) that in these cases chloranil behaves like carbon tetrachloride by providing 
chlorine atoms to start new radical chains: 


aa aa ad 


aa MA 


Evidently this mechanism is incorrect, since the radicals (IV; A — H) react with chloranil 
at the oxygen atoms only, and the reaction process (5) must therefore proceed via a semiquinol 
radical (XV). To explain the chain transfer we suggest that (XV) can add on monomer to give a 


aa ac 
a 


radical (XVI), which in turn may react with monomer to yield (XVII) and a new 
radical. This scheme is still mainly hypothetical, but it is supported by the fact that 
of type (XVI) seem to react rather with unsaturated molecules than with radicals AM,:. 
ac 
(XV) +M -—> AM,O—< (XVI) 
aga 


aq 
(Xv) +M —> H) + HM (XVET) 
acd 
follows from work by Breitenbach et al, (Ber., 1943, 76, 272, 1088), who have shown 
polymers of low molecular weight, obtained on polymerization of styrene with 
in the presence of chloranil, have the approximate composition oy +c 
co-polymerization of monomer and inhibitor can be represented as (8—9) below 


ad 
cl 
(XVII) + —> (XIX) . ® 


) by radicals of type (XVIII) 


initiating radical, and (b) to a small extent by radicals of type (XIX) reacting with radicals 
AM,,: to yield either, by disproportionation, a polymer with a phenolic hydroxyl end group or 
else a combination product. 

There are indications that p-benzoquinone may also be co-polymerized by some monomers. 
A reaction of this kind would account for the greatly increased rate of photo-polymerization of 
butyl acrylate in the presence of p-benzoquinone (Melville and Bickel, Trans. Faraday Soc., 1949, 
45, 1049). 


chloranil to a polymerizing system may result in a polymer of considerably lower molecular 
tiating 
ladicals 
This 
(6) 
» 
that the 
peroxide 
This 
The co-polymer chains should then be terminated mainly (a_i ; 
reacting with monomer to yield (according to 10) products of type (XX) together with an 
aa 
L 
(XX) 
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Our observation that quinol, like phenol (Bickel and Waters, loc. cit.), did not react with the 
2-carbomethoxy-2-propyl radical! is in accord with the findings of Breitenbach, Springer, and 
Horeischy (Ber., 1938, 71, 1438) who stated that quinol does not inhibit the polymerization of 
styrene in the complete absence of oxygen. 


EXPERIMENTAL. 


Reaction of Dimethyl aa’-Amisobutyrate with p-Benzoquinone.—A solution of dimethyl aa’-azotso- 
butyrate (92 g.) and p-benzoquinone (2-16 g.) in tolwene (50 ml.) was heated to about 100° in such a 
(30 minutes) and then refluxed for hour. To the 
cold red solution was added an aqueous solution of sodium sulphite (2 g.). Then it was extracted with 
4 solution of sodium hydroxide (2-5 g.) im water. 

The toluene layer was subjected to fractiona! distillation and fractions, b. p. 100-—115° and 200-—220° 
2-5 g.), were ss . The 6 first fraction was hydrolysed and was found to contain 0-5 g. of methyl 

tyrate, The second consisted of almost pure dimethyl tetrameth ylsuccinate. The residue on 
distillation in a high (3-2 b. p. 120--140°/0-1 mm. This product was 
mixed with potassium hydroxide (2 g.), ethanol (10 ml.), and water (10 ml.), and the resulting solution 

was refluxed for 16 hours. The ethanol was distilled off, the residue acidified, and the dark brown oil 
that separated was Gunsived i in ether. Evaporation of the ether yielded a slowly crystallizing oil. 
Recrystallization from ethyl acetate gave guinol di-(2-carboxy-2-propyl) ether (VIIL; R = H, R’ “ise 
1-5 g., 27% cale. on quinone), 182-186". Further recrystallization raised the m. p. to 186 
Found: C, 603; H. 64 «0, requires C, 196; H, 64 The derived di-p-nitr 
recrystallized from 70% 103-04" (Found 009; 48; N. 53. 
requires C, 60-0; H N, 51%). 

The aqueous layer was acidified and extracted with ether. Evaporation of the ether gave a brown 

= residue (1-8 g., 46% calc. on quinone). After recrystallization from ethyl acetate the re 
mono-(2-carbosy-2 tther (VIL. R= H, = CO,H) was 161-5—162-5° (Found 

613, H, 62. requires C, 61-2; H, 62%). The emide of (VII, Re H, R’ CO 

in the manner, had m. p. 173-—173-5° alter ig from water (Found: C, 6 

70; N, 68 H,,O,N requires C, 61-6; H, 67; N, 72 _ The compound (VII; R =H, 
R' = COM) gave a dibenzsoy! derivative which was recrystallized times from ethanol and then had 
m. p. 113-1145" (Found: C, 709; H, 52. C,,H,.O, requires C, 71-3; 50%). This product was 
insoluble in sodium hydroxide solution so that evic atly the carboxy! group as well as the } greere 
es p must have been involved in the reaction. Quinol methyl (2-carbomethory-2-propy!) 

ined by treating (VII; RK «— H, R° = CO,H), suspended in ether, with an excess of ethereal 
diazomethane solution The ether was ev ated and the residue distilled in a high vacuum. The 
almost colouriess liquid boiled at 120—-124°/0-76 mm. (Found C, 64-6; H, 7-6; 
requires C, 64-3; H, 7-2; OMe, 27-7%). Oxidation of (VIL; R = H, R’ = CO,H) with a large excess 
rric chloride at 100° yielded p-benzoquinone, which was isolated in 50% yield by steam-distillation 
and extraction, with ether, of the distillate. The mixed m. p. with pure p-benzoquinone showed no 
. The same yield of mono-ether may be obtained by extraction of the reaction mixture with 
It ts advisable, however, to reduce a small amount of unreacted p-benzoquinone first by 

sulphite 

The same yields of products were obtained when equimolar quantities of azo-compound and p-benzo- 
quinone were used 

Reaction of aa’-A roisobutyronitrile with p-Benzoquinone.—A solution of aa’-azoisobutyronitrile (16-4 g. 
and p-benzoquinone (10-4 g.) in toluene (100 ml.) was refluxed for 30 minutes. When cold, the dark r 
solution was extracted with an aqueous solution of potassium hydroxide (11 g.) and sodium sulphite 


(2 g.). 

The toluene solution was distilled with steam and from the distillate 3-5 g. of tetramethyl- 
succinonitrile were isolated. The residue from the steam-distillation was a brown tarry mass. 
Recrystallzation from ethanol mol ds-(2-cyano-2- ether (VILL; R H, R’ CN) (25 ¢., 


10% calc. on quinone), m. p. | Recrystallization from acetone raised the m. p. to 128—129° 
(Found: C, 688; H, 66, N, 118. requires C, 68-8; H, 66; N, 11-56%). The corre- 
ctetate hed was obtained by alkaline hydrolysis of the dinitrile and after recrystalhzation from ethyl 
acetate m. p. 186-188". A mixed m. p. with the di-acid, obtained from the experiment with 
dimetby! ea’-azoisebutyrate showed no depression. 

The aqueous extract was acidified with dilute sulphuric acid and the resulting oil (10-0 g., 56-5 
calc. on quinone) was extracted with ether. Distillation of this oil in a high vacuum ay 
mono-(2-cyano-2-propyl) ether (VIL; RK = H, R’ CN) (7-15 g., calc. om quinone), b 129 
135° 0-08 mm Then subjected to alkaline hydrolysis this oil gave an acid, m. p. 161-5- 162 rs after 
recrystallization from ethyl acetate. A mixed m. p. with the mono-ether poled y from the experiment 
with dimethyl aa’-azossobutyrate showed no depression. Benzoylation of the nitrile (VII; RK = H, 
R’ = CN) gave a monobensoate, m. p. 6 5 87-5° after recrystallization from ethanol (Found : C, 72-6; 
H, 55, N. 48 »H,,O,N requires C, 726; H, 5-4; N, 50%). In another experiment the crude 
product (100 g-) ob tained by acidifying the aqueous — was benzoylated with 20 ml. of benzoyl 
chloride and 150 mi = 10% sodium hydroxide. The c benzoates on recrystallization from ethanol 
gave the benzoate, m (BO above). The mother-liquor on concentration yielded 
the benzoate, m. Par 3% (round R= HR CN). Further recrystal- 
ligation from et raised the m. p. to C, 72-3; H, 65; N, 7-9. Cy, 
requires C, 72-4; H, 5-8; N, $-0%). 

Reaction of with Chloranil —A solution of aa’-azoisobut ityronitrile and 
chloranil (6-15 g.. recrystalliged from chlorobenzene) in chlorobenzene (150 ml.) was heated at 


| | 
| 
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(30 minutes) and then refluxed for 5 minutes. The cold -brown 


ey di-(2-cyeno-2 R = Cl, R’ CN), m. p. ¥ 
on quinone), by recrystallization from acetone (Found 442; H, 


After addition of yer a 
te sulph aqueous 


from ethanol, had m 131-8" (Pow 
“Reastion of Dimethyl aa’- with (uinol—A solution of dimethy! 
poe py qoimot (3880 ¢) met (120 mil.) was heated under reflux for 6 hours. The solvent was 
) and ite (300 mi.). On fractional distillation 
solution Aird fractions, b. p. 216—230° (13-5 g., 51%), and mm. (5-6 
Waters, loc. cit.). The aqueous solution was and wall etn, 
168-—-170° (32-45 g., 07%). 


One of the authors (A. F. Bis indebted to the Koninklijke Shell-Laboratoriom. Amsterdam, for the 
opportunity to carry out this investigation 


Dyson Perxins Laporatory, Oxrorp. [Received, April 3rd, 1950.) 


358. Organic Phosphorus Insecticides. Part I, Synthesis of 
Bisdimethylaminophosphonous Anhydride containing “P. 
By J. E. Garpover and B. A. 
wale, and hence through 


anhydride (I1I) (cf. preliminary note, Research, 1949, 
The labelled product. (111) is suitable for tracer work in plants (in which the 


acts as a systemic insecticide) and in wity). 
Preparation of the non-radioactive form of (111) on a larger scale is also described. 


Tue discovery of systemic insecticides by Schrader and Kukenthal (B.1.0.S. Final Report 
No. 714 H.M.S.O., London, 1947) has opened up new possibilities for the control of insect pests. 
Certain compounds can be absorbed through the plant cuticle and transported in the sap- 
stream to render the whole plant poisonous to certain biting and sucking insects. The 
compounds can also be absorbed through the root system if the plants are watered with aqueous 
solutions. Among the compounds described by Schrader which displayed this systemic 
insecticidal action, bisdimethyl honous anhydride (III) appears to show the greatest 
promise as its mammalian toxicity is lees than those of other systemic insecticides, and in 
addition, it displays a valuable selective action on insects, being highly toxic to aphides and 
relatively non-poisonous to beneficial insects (Ripper, Greenslade, and Lickerish, Nature, 
1949, 168, 787). If this insecticide is to be used on a significant scale, more information will 
be desirable on its entry into, transportation in, and disappearance from, plants and on its fate 
in animals. The radioactive tracer technique should be particularly useful in the 
investigation of these subjects, and we have therefore worked out a suitable method for the 
synthesis of (III) incorporating *P. 

A method for the preparation of (III) indicated by Schrader ef al. (but without experimental 
details) is to heat an equimolecular mixture of chlorobisdimeth ylaminophosphine oxide (1) and 
ethyl (II) in boiling xylene : 


MeN NMe, 
(1) (Itt) 
wd ace of te ste In the 
tadioactive work, we employed the ester method for convenience of manipulation as the 
reaction mixture is homogeneous, stirring and filtration being avoided. 


{1950} 
evolution of nitrogen 
solution was extracted with an 
& 
c 
in 
590 
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Two methods are available for the preparation of (I). In the first (Cook, lett, Saunders, 
Stacey, Watson, Wilding, and Woodcock, /., 1949, 2921) phosphoryl chloride (1 mol.) is treated 
with anhydrous dimethylamine (4 mol.) in ether - 


POC], + 4NHMe, = (1) + 2NHMe,, HCI 


In the second the reaction is carried out in two stages; a single dimethylamino-group can be 
introduced by refluxing dimethylamine hydrochloride in excess of phosphoryl chloride 
(Michaelis, Annalen, 1903, 326, 179), giving dichlorodimethylaminophosphine oxide, which 
is subsequently treated with two equivalents of dimethylamine in ether. The first method is 
very convenient when working on a small scale, and was used in the preparation of radioactive 
(11); but when a number of larger batches of non-radioactive (111) were being made, the second 
method was advantageous as the hydrochloride obtained as a by-product in the second stage 
was utilized in the first stage of the subsequent run. Compound (II) was prepared by reaction 
of (1) with sodium ethoxide. 

Radio-phosphorus is supplied in the form of phosphoric acid and it is necessary to convert 
this into phosphoryl chloride. This may be achieved by the passage of carbonyl chloride 
(or a chiorine-carbon monoxide mixture) over heated metal phosphates (cf. Mellor, 
“Comprehensive Treatise of Inorganic and Theoretical Chemistry,” Vol. VIII, p. 1020). 
Banks, Boursnell, Dewey, Francis, Tupper, and Wormall (Biochem. J., 1948, 48, 518) passed 
carbonyl chloride over heated calcium phosphate-charcoal to prepare radioactive phoshoryl 
chioride on a small scale. In this method, however, the calcium chloride formed as a by- 
product coated the unchanged calcium phosphate, necessitating removal of the mixture from 
the reaction vessel, regrinding, and reheating to complete the reaction. When, however, 
ferric phosphate (without charcoal) and carbonyl! chloride are used (Andreau and du Pont, 
U.S.P. 1462732, 1923), all the products are volatile at the temperature of reaction and the 
ferric chloride can easily be condensed out by slight cooling. Yields of up to 93% were obtained 
in runs in which the theoretical yield was one gram. The sample of (III) obtained as described 
in the Experimental section had a specific activity of about 18 yc. /g. 


EXPERIMENTAL. 
yl. phoiph Oxide. —Dimethylamine hydrochloride (638 g., recrystallised from 


ethanol and dried over phosphoric oxide in vacwo) and phosphory! chloride (4-2 kg.; redistilled) were 


heated under reflux for 20 hours until evolution of hydrochloric acid had ceased and the hydrochloride 
was completely in solution. Fractionation through a Fenske column gave the product, b R: SS 

*/15—18 mm. (1272 g., 04%) (Found: C, 16-3; H, 38, N, 86; Cl, 44-3. Calc. for C,H,ONCL,P: 
+ ia 8; H, 3-7; N, Ht Cl, 43-8%). About 2-4 kg. of phosphory! chloride were recovered 

Chlorobssdimethy! phosphine Oxide.—(a) Dichlorodimethylaminophosphine oxide (340 g.) in 
dry ether (1-5 |.) was cooled in ice, and a solution of dimethylamine (190 g.) in ether (500 ml.) added 
during ®) minutes with stirring, which was continued overnight as the mixture warmed to room 
temperature. The precipitate of ee pe ome hydrochloride was removed and washed with ether 

11). Fractionation of the combined ethereal solution and wash yielded the product, b. p. 97—- 
mm. (200 g.. 84%) (Found: C, 26-1; H, 69; N, 161; Cl, 21-4. Cale. for Cc, 
26-2; H, 7-0; N, 143, Cl, 20-89%). 

(6) Phosphory! chloride (155 g.) in ether (1 1.) was cooled in ice, and dimethylamine (187-5 g.) in 
ether (600 ml.) added with stirring during 1 hour, and the whole left overnight. The solid hydro- 
chloride was filtered off and washed with ether, and the filtrate fractionated. The product (112 g., 64%) 
had b. p. 97°/6 mm. (cf. Cook ef al., loc. cit.). 

Ethyl Bisdimethylaminophophoniie.-—Chiorobisdimethylaminophosphine oxide (341 g.) in ethanol 
(500 ml.) was added with stirring to a solution of sodium (46 g.) in ethanol (1500 ml.) during 20 minutes, 
and the mixture heated under reflux for a further 20 minutes. The precipitate of sodium chloride was 
removed, alcoho! distilled off, and the residue fractionated in vacwo. The product (318 g., 88-5%) was 
collected from 93.5°/7 mm. to 06-5°/10 mm. 

oxide (68-2 g.) and 
ethy! bisdimethylaminophosphonite (72 g.) in xylene (300 ml.) were heated for 20 hours under reflux. 
Ethy! chloride was qvoed On distillation of the residue, the product was obtained as a colourless 
and almost odourless liquid, b. p. 110-—112°/0-003 mm. (92-6 g., 1%), completely miscible with water 
(Found: C, 33-9, H, 55; N, 108. C,H,,O,N,P, requires C, 33-6; H, 84; N, 19-6%). The b. p. 
varied slightly for different a being rather dependent on the bath-temperature. 

Radsoactive Ferre Phosp -Active phosphoric acid solution (1140 pc. in 0-54 ml.) was washed out 
from its ampoule with phosphoric acid solution (20 ml. containing 31-92 g./1.) and water into a 100-ml. 
graduated flask. A sample (1 m).) was withdrawn as a standard for radioactive assay, and the remainder 
was added slowly with vigorous stirring to a solution (50 ml.) of ferric acetate in acetic acid (8-25 g. of 
Fe and 120 ml. of acetic acid per litre). Solid ammonium acetate (5 g.) was then added and the mixture 
boiled for 5 minutes. The precipitate of ferric phosphate was removed by centrifuging, washed once 
with ethanol and twice with ether, dried at 120°, powdered with a glass rod, and transferred to a silica 
tube. After being heated to red heat for 90 minutes, the voluminous precipitate had shrunk to a third 
of its origina! volume. When cool, the granular powder was packed into a silica tube as shown in Fig. 1, 
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for use in the foliowing preparation. Losses of radioactive material during precipitation and drying 
were less than 2%. 
Fro. 1. 


Chloride.—The apparatus used is 
nitrogen (or air), y! chloride, or a was to the ry 
the stopcocks 7, to tT. (S, safety valve; wash-bottle containing concentrated sulphuric acid . 


M, mercury manometer , F, cabot chloride was obtained from a cylinder connected 


ca tube (10 cm. 
450°, and was followed by a J ny ery wool and maintained at 120-—130° in a meta! bath 
raps I and II were jacketed and fitted with close-fitting brass shields 


prevent spilling <6 patiensiies material in the event of accidental breakage. These traps were 
dioxide—alcohol. The product and excess of carbonyl chloride 
te against sucking back and also to remove any traces of 

Any carbonyl chionide remaining in the gas stream was removed by trap tI 
and by trap containing soda-lime. et was passed through T, 
bbler, past an air Jeak T,) into a water-pump. the apparatus was 

all times ru of tile radioactive material. 
had been fitted, the heating units were switched on and the apparatus 
or air, the stopcocks being adjusted so that the manometer M 
’ pa by the cooling baths were fitted and a slow 

As 


carbonyl were 


Tight Loose plug 
Fis. 2. 
Cie 
z 


1772 Shen and Whiting : 


collected during 6 hours (coarseness of control of T, prevented a slower rate of flow). The carbonyl 
chionde stream was then stopped and the a tus swept out with air. The tube of I was 
removed and connected to a simple stillhead of the carbonyl! chloride was then all to boil 
off slowly at room temperature (air-jacket around the tube), ond the final traces were removed by 
heating the tube to about 75° in a water-bath. The receiver-tube was then cooled im liquid air, the 
distillation of the phosphory! chloride being completed by evacuation for a short time. The apparatus 
was then allowed to warm to room temperature, dry air admitted, and the receiver rapidly removed, 
st red, and weighed The yield was 0-03 g. (93%) 
adioactive Oxsde —The tus shown diagrammatically in 

Pig. 3 was fitted in place of the reaction tube, traps, etc., between the points K, Y, and Z in Fig. 2. The 
reaction vessel for this stage was the receiver into which phosphory! chloride had previously been 
distilied. With T,, open, 7, and T,, closed, and 7, set to L, a stream of nitrogen could be passed down 
the sarrow centre tube and through the sintered-glass disc (10-mm_ diameter) to stir the reactants and 
then escape through the trap system. With 7 ,, ¢ . T, open, and T, set to K, the liquid contents of 
the reaction tube could be filtered into the flask of a micro-fractionating apparatus h was being 
heated in a water-bath to about 50° 

To the tube containing the known amount of phosphory! chloride (0-93 g.), sodium-dried ether (10 ml.) 
was added and the tube quickly fitted to the apparatus described above. The solution was stirred 
vigorously by a stream of nitrogen, and the reaction vessel then cooled in solid carbon dioxide—alcohol. 
The caleulated quantity of dimethylamine solution in ether (10% w/v; 10-6 ml., 4 mols.) was then added 
slowly wia T,,. care being taken to k the reactants always well stirred. The tap-funnel was then 
washed out with 10 ml. of ether, and the apparatus allowed to warm to room temperature and left 
overnight with gas stirring. The reaction vessel was then again cooled (to reduce the solubility of 
the dimethylamine hydrochloride), the taps were adjusted as described above, and the mixture was 
filtered into the micro-distillation flask where the ether distilled off. The solid hydrochloride, well 
cooled, was washed 3 times with cold dry ether. When the crude product had been transferred in this 
manner to the distillation flask, this was set for fractionation, glass wool being added to prevent bumping. 
Inert chiorotisdimethylaminophosphine oxide (ca. 7 g. in 2 portions) was ad at this stage as a diluent, 
and distillations carried out at a low pressure, the flask being heated in a stirred oil-bath. The fractions, 
b. p. 62-64" /1-—1-1 mm. (bath-temp. 82-84"), were collected and weighed (7-2 g.). A small sample 
was taken for radioactive assay and showed a yield of 42:7% calculated on “P content of the original 
99 mi. of phosphoric acid solution 

Radioactive Bisdimethylaminophosphonous Anhydride. —Active chlorobisdimethyl phosp 
oxide (7-2 g.) from the previous experiment was washed with dry benzene (15 ml.) into a -ml. flask, 
ethy! bisdimethylaminophosphonite (10 g., slight excess) added, and the mixture heated overnight 
under reflux in a stirred oil-bath at 130—145", moisture being excluded by a calcium chloride tube. 
The mixture was then distilled through a short Vigreux column. A small first fraction distilling up to 
128°/1-5 mm. consisted mainly of unchanged ester, while the main fraction, b. p. 139—140°/1-5 mm. 


ow temperature 160°), consisted of the anhydride. The yield was 9-44 g. (78%) and specific activity 
a4 

The overall yield, calculated from the activities of the original phosphoric acid and the final product, 
was 190% ( glass wool added to prevent bumping on the above fractionations retained appreciable 
amounts of radioactive material ) 


The authors are greatly indebted to the Agricultural Research Council for a grant in aid of this work. 
Thanks are also offered to Dr. G. H. N. Chamberlain for the gift of a silica tube and to Mrs. Barbara 
Rarnes for technical assistance 
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359. Researches on Acetylenic Compounds. Part XXIV. 
Diels-Alder Reactions with Acetylenic Keto-esters. 
By T. Y. Swen and M. C, 


Addition reactions between af-acetylenic y-keto-esters and various conjugated dienes give a 
series of 2-acyl-3 6-dibydrobenzoic esters, some of which are readily dehydrogenated to the 
corresponding aromatic compounds. The light-absorption properties of the adducts are 
compared with those of analogous adducts obtained from ethyny! ketones, and with those of 
acylbenzoi esters 


In Part ITI of the present series (Bowden and Jones, /., 1946, 52) the application of the Diels— 
Alder reaction to ethynyl ketones was described. It was to be expected that the recently 
available x$-acetylenic y-keto-esters (Ninecham and Raphael, /., 1949, 118; Jones, Shen, and 
Whiting, /., 1950, 236) would undergo similar diene additions and, because of possible 
applications of the method to the synthesis of fused-ring systems, and the interest aroused by 
the anomalous light-absorption properties of the adducts obtained from ethyny! ketones, this 
reaction has been examined. 

The acetylenic keto-esters proved rather more reactive as dienophils than the corresponding 


(1950) Researches on Acetylenic Compounds. Part XXIV. 1773 


ethynyl ketones, but their lower stability made the reaction conditions more critical. Thus 
methyl benzoylpropiolate (1) combined smoothly with cyclopentadiene and 2 : 3-dimethyl- 
butadiene, at room temperature and ca. 70° respectively, to give the adducts (II) and (III) in 


<— — > 
(L) 


(Iv) 


At 20° very little reaction took place during seven days even when an excess of the hydrocarbon 
was used as solvent, but in an autoclave at 45° a good yield of (IV) was obtained after 
6—18 hours. On the other hand heating to 60° resulted in the formation of a dark, 
uncrystallisable product from which only methyl o-benzoylbenzoate could be isolated on 
distillation. Similar difficulties were encountered in the reaction with furan, a fair yield of the 
adduct (V) being obtained when the reaction temperature was 50°. 

Reactions between butadiene and the aliphatic keto-esters, methyl §-acetyl- and §-butyry!- 
propiolates, were next examined, The expected adducts (V1; K = Me and Pr respectively) 


( Me-COCH=CHCEC-COMe —> — 


(V1) (vu) (vil) 


(X.) (XL) 


were obtained in good yields at 50°. The vinylacetylenic keto-ester (VII) also combined with 
butadiene at 50° to give a small yield of a high-boiling liquid formulated as (VIII), although 
analytical data indicated that it was not pure. Its light-absorption (see below) resembled that 
of a typical doubly-unsaturated conjugated ketone and its 2 : 4-dinitrophenylhydrazone 
analysed well, after chromatographic purification, for a derivative of (VIII) and showed the 
expected light-absorption. It has already been found (Bowden, Braude, Jones, and Weedon, 
J., 1945, 45) that hex-3-en-5-yn-2-one gives amine-adducts in which only the acetylenic linkage 
is involved, and therefore the formation of (VIII) is not unex 

It was shown by Bowden and Jones (loc. cit.) and by Braude, Jones, Sondheimer, 
and Toogood (J., 1949, 607) that 2: 5-dihydroacetophenone and analogous substances are 
converted into the corresponding aromatic ketones by a variety of oxidising agents and also by 
heating to ca. 175°. Similar behaviour was encountered with the present series of dihydro- 
benzene derivatives. Thermal dehydrogenation obviously occurred in the butadiene reaction 
at 60° described above, and oxidation with chromic acid in acetic acid readily converted the 
esters (111) and (IV) into the corresponding benzenoid compounds. 

The adducts derived from methyl! $-benzoylpropiolate closely resemble acetophenone in 
their light-absorption properties and these are not very different from those of the o-benzoy]- 
benzoic esters which have been examined (¢.g., see Fig. 1). It is probable that the absorption 
of the benzoyl group is predominant in these cases. On the other hand, the spectra of the 
adducts (VI; R = Me or Pr) from butadiene and methyl §-acetyl- and §-butyryl-propiolates 
(the curves for these two substances almost coincide) are quite different from that of methyl 
acetophenone-o-carboxylate (Fig. 2); indeed the intensity of absorption in the former cases is 
so low that it was at first considered possible that these esters had a cyclic structure such as 
(XI). This hypothesis was supported by the fact that they failed to form 2 : 4-dinitrophenyl- 
hydrazones, even under the drastic conditions necessary for the preparation of these derivatives 
from the benzoyldihydrobenzoic esters. Further consideration of the light-absorption data, 


Shen and Whiting : 
with the structures assigned, 2: 5-Dihydro- 
Bowden and Jones (/., 1946, 52; 


« Oem. (Rese, 


and a carbomethoxy! group in the o-position would be expected to produce a further reduction 
in intensity by virtue of its steric effect, which would tend to prevent the a$-unsaturated ketone 
grouping from assuming its preferred coplanar configuration (cf. Braude, Jones, Koch, 
Richardson, 


Sondheimer, and Toogood, J., 1949, 1890). In the absence of through-conjugation 
Fra, 2. 


A R D 


(see below) the carbomethoxyl group might lead to a hypsochromic displacement of the 
maximum, and a combination of these effects might well result in absorption such as is indicated 
in curve B (Fig. 2). This reasoning was tested in the following manner. It was shown by 
Braude, Jones, Sondheimer, and Toogood (loc. cit.) that 2: 5-dihydroacetophenone could be 
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converted, by partial hydrogenation of the isolated double bond, into l-acetvicyclohexene which 
showed no light-absorption abnormalities. Partial hydrogenation of the keto-ester (VI; 
R = Me) gave an apparently homogeneous product (IX) which showed much more intense 
absorption (C; Fig. 2) than did the parent compound (VI; K « Me); the other effects 
Mentioned above are still apparent, however, in that the intensity is still appreciably lower than 
that of acetyleyelohexene (),,,, 2320—2330 a.. « ~ 13,500), The two cases thus appear to be 
analogous and it is clear that the keto-ester has the normal rather than the cyclic structure, as 
would indeed by expected in view of the method of preparation. 

In order to make available another cis-8-acylacrylic ester having an unambiguous structure, 
the parent compound, methyl! cis-$-acetylacrylate (X) was prepared by semihydrogenation of 
the acetylenic ester. Its light-absorption (D; Fig. 2) was similar to that of (IX), the latter 
absorbing at longer wave-lengths, as expected from the alky! substitution of ethylenic bond. 
The acetylenic ester itself showed similar but less intense absorption (E; Fig. 2) (cf. methyl 
vinyl and methyl ethyny! ketones; Bowden, Heilbron, Jones, and Weedon, /., 1945, 39), The 
results obtained for the various y-keto-2$-unsaturated esters are thus consistent; they show 
that the system is cross-conjugated, as would be expected in view of the opposed polarities of the 
keto- and carbomethoxy! groups and by analogy with maleic and fumaric esters (,,,, 1927 and 
2087 log 4°34 and 4°52 respectively; Sdérensen, Annalen, 1941, 546, 57) and with pyruvic 
ester (ug, 3287 A., log ¢ = 0-73, and end absorption with log « = 2-88 at 2144 4.; Bielecki and 
Henri, Ber,, 1914, 47, 1690). Nevertheless it must be borne in mind that in all the cases 
examined the double bond had a cis-configuration and “ through * conjugation would in any 
case be hindered sterically. Further work on the light-absorption of y-keto-acids and -esters 
in connection with their tautomeric behaviour is in progress in these laboratories. 


EXPERIMENTAL. 


Light-absorption data were determined using alcohol as solvent with a Beckman Model B 
hotometer.) 
2-Benzoyl-3  6-dihydrobenzoate (1V).—-A mixture of methy! benzoylpropiolate (Nineham and 
Raphael, Joc. cit.) (3 g.), butadiene (2 c.c.), and a trace of quinol was heated fa a small stee! autoclave 
ony 50 c.c.) at 45° for 18 hours. After cooling and removal of excess of butadiene the residue 
solidified, and crystallisation from light Poe (b. p. 40-60") gave the Aeto-ester (3-1 g.) as rhombic 
prisms, m. p. 65° (Found: C, 74 H, 5-75; Cy, Or C, 7435; H, 58%). he 2. 4-ds- 
nitrophenyihydrazone, prepared by refluxing the compound wit methanolic 2. 4-dinitrophenythydrazine 
sulphate solution for 12 hours, et a from ethyl acetate—ethanol in red prismatic needles, m. p. 208° 
(Found: C, 600; H, 445 uires C, 507; H, 43%). 

Methyl 2-Benzoyl-4 : 5- vobensoate (111).-A mixture of methy! benzoylpropiolate 
(3 g.) and 2 : 3-dimethylbutadiene (2 ., g.) was heated under reflux for 18 hours. Crystailisation of the 
resultant solid from benzene—light (b. p. 40-—60") gave the Acto-ester as prisms, m. p. 103-— 
104° (Pound: C, 75-25; H, 675 7H,,0, requires C, 75-56; H, @7%). The 2: 4-dinitrophenyl- 
Aydrazone, obtained by interaction with methanolic 2: 4-dinitrophenylhydrazine sulphate for 4 days at 
room temperature, crystallised from ethyl acetate-ethanol in orange-red flat needles, m. p. 224-——226° 
(decomp.) (Found: C, 610; H, 4-9. Castine requires C, 61-3; H, 495%) 

Methyl 2-Benzoy!-3 6-endomethylene-3 6-dihydrobenzoate (11).—-cycloPentadiene (2 g.; freshly 
redistilled) was added to methyl bensovipropiolate (2 g.), and the resultant exothermic reaction was 
moderated by external cooling. After a minutes at room temperature — of excess of diene 
and distillation at 85-—00° (bath temp.)/10™* mm. gave the Aefo-ester (2 as a light- 
viscous liquid, 1-5686 (Found: C, 75-55; H, 5 CyH,,O, 
2: formed com ! readil crystallised trom "ethyl 
orange-red rhombic plates, m. p. 207° ( 00-75; H, 42. C,y,H,,O,N, requires C, 60-8; 1 
42%). 

Methyl 3 : 6-endo-Ondo-2-benzoyl-3 : 6-dihydrobenzoate (V).—A mixture of methy! ben: 

(3 g.) and furan (1-5 ¢.) was heated in a small autoclave to 50° for 6 hours. Distillation - the resultant 
dark syrup after the removal of more volatile material gave the Aefo-ester (1-6 ¢’ so” i. 
1-5666 (Found: C, 70-05; H, 4-75. C,,H,,O, requires C, 70-6. H, 

2: ¢dinitraphenythy drasone. m. p. 178°, could not be obtained analytically pure 

Methyl 2-Acetyl-3 : 6-dihydrobensoate (V1; RK = Me).—A mixture of methy! acetylpropiolate (Jones, 
Shen, and Whiting, /oc. cit.) (2 g.), butadiene (2 c.c pay 
to 30° for 18 hours. After the removal! of excess of diene distillation gave NT eee ane b. 
Sere oe «ff 1-5008, which when kept solidified and had m. p. 32° (Pound: C, 66-05; i 
7-05. nts tomditions C, 66-65; H, 67%). It did not form a 2: 4-dinitrophenylhydrazone even 


for 18 hours. d and crystal 
from light m (b. p anedlen, p. 55° "(Pound C, 6-45; 


| 
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autoclave at 50° for 6 the excess of diene, followed by 

or (bath temp.) /10°¢ mm.., gave the crude Acto-ester (0-4 as an oil, 1-5206 (Found: C, 

674, H,665. requires C, Light absorption: Maximum, 2610 4.; ¢ = 

9,500. As insufficient materia) was available for it was converted into its 2: 


tic needles, m. p. 186° Cc 35, H, 47%). 
Light absorption Maxima, 2 3080 and 4.. t 14.080, bod, and 

o Bensoylbenzme Acid — 2-benzoyl-3 6-dih ydrobenzoate (0-5 = dissolved in glacial 
acetic acid (20 c.c.) and treated with 6n-chromic acid (1-0 c.c.). Isolation with ether followed 
hydrolysis with hydroxide solution at room temperature gave o- - 
benzoie aced (0-35 g.), m. p. 126°, w undepressed on admixture with an authentic specimen. 

An attempted dehydrogenation with ig acid in acetone (Braude, Jones, Sondheimer, and 

Tongass. loc. est.) gave a heterogeneous produc 
methylbenzoc Acid and Methyl Ester —A solution of the dihydro- 
ester (1-1 g.) im glacial acetic acid (30 c.c.) was treated with 6n-chromic acid (1:8 c.c.) slowly. 
Dilution with water gave a precy which was from light petroleum (b. ‘wr to 
evs the keto-ester (10 g.) as r bic prisms, oR (Found: C, 75-8; H, 5-65. for 
c, 60%). The 2 yihydrazowe ated from ethy! A in 
240° (Found: C, 61-4; H, 435. requires C, 61-6; H, 45%). 
Hydrolysis of oo ester (0-15 g.) with methanolic R18 hydroxide gave the acid (0-1 g.), which 
after crystallisation from benzene We eh: petroleum (b. p. 40---60°) formed plates, m. p. 197° (Found : 
C, 7565; HH. 60. Cale for C,H C, 756, H, 555%) (Pieeer and Fieser, /. Amer. Chem. Soc., 
1988, 67. 1670 give mp. 129-5 and 197-5° for the methyl ester and the acid, respectively) 

Methyl ~-A solution of methy! 2-acetyl-3 6-dihydrobenzoate 
(20 g.) im methyl acetate (25 c.c.) was shaken in hydrogen in the presence of a palladiam— 
calcium carbonate catalyst (10%; 75 mg.). When the theoretical amount of hydrogen had been 
absorbed (278 c.c. at 22°/755 mm.) the catalyst was separated and the solvent removed under reduced 

re at room tem ture. Distillation Mf the residue gave methyl 2-acetylcyclohexene-|-carboxylate 
13 p. 110—112°/2 mm., 1.4834 (Pound: C, 66-3; H, 7-75. C,sH,,O, requires C, 65-0; 
175%) 

Methy! Acetylacrylate —A of acetylpropiolate (2-0 g.) in methyl acetate (25 c.c.) 
was shaken in hydrogen in the presence of walledians calcium carbonate catal (30 mg.; 10%). 
When the theoretical amount of hydrogen had absorbed (400 c.c. at 762 mm. /23") t 
filtered off and the solvent removed under reduced pressure at room tem rature. iMation of the 
residue gave methyl cis-B-acetylacrylate (1 b. p. 85°/22 mm., 1-4 

It readily formed a 2: 4-dimstrophenylhydracone which, after chromatographic purification on alumina 
and recrystallisation from benzene t petroleum (b. p. 60—80°), formed orange-yellow plates, m. p. 195° 
(Pound: C, 63-056; H,3-65. C,,H,,O,N, requires C, 53-6; H, 3-959). 


The authors ae their gratitude to Prof E. R. H. Jones, F.R.S., for his valuable advice. 

They also thank E. S. Morton for microanalyses and Miss E. Fuller for light-absorption 
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360. A New Route to the Phthalide-isoquinoline Bases, and a 
Synthesis of (—)-Hydrastine. 


By Ropert D. Haworrn and A. Recinatp Pinper. 


A new method for the synthesis of alkaloids of the hydrastine type has been developed. 
The racemic bases, hydrastine-a and -), obtained previously by another method by Hope, 
Pyman, Remfry, and Robinson (/., 1931, 236) have ~ prepared, and hydrastine-« has been 
resolved into (+)- and ( —)-forms, the latter of which was identical with ( —)-hydrastine from 
natural sources 


Similar reactions led to the synthesis of two racemic modifications of cordrastine, but 
attempts to resolve the bases into their optically active forms have been unsuccessful. 


Tue synthetic approach to the lactonic 1-benzylisoquinoline alkaloids of type (1) is confined 
to the method of Perkin and Robinson (/., 1911, 98, 775) (see also Hope and Robinson, J., 1911, 
99, 1153) in which an isoquinoline ¥-base is condensed with a phthalide or its nitro- or iodo- 
derivative. In this way (+-)-narcotine and (+-)-1sonarcotine (a- and §-gnoscopine) were prepared 
and the former was resolved into its optically active forms (Perkin and Robinson, loc. cit., 
p. 788); later two inactive modifications of hydrastine (1; RR «— CH,) known as hydrastine-a 
and -+) were synthesised (Hope, Pyman, Remfry, and Robinson, /., 1931, 236) but resolution 
was not effected. 

The isolation of several new alkaloids of type (I), including bicuculline from Dicentra 
eucullaria, etc. (Manske, Canadian J. Res., 1938, 8, 142), adlumine from Adiumia fungosa 


[1950] A New Route to the Phthalide-isoquinoline Bases, etc. 1777 


(Manske, ibid, p. 404), cordrastine (I; R Me) from Corydalis aurea (Manske, ibid, 1938, 
16, B, 81) and others (Manske, ibid., 1933, 8, 210, 404; 1936, 14, B, 325, 347, 354) has revived 
interest in this field, and the y-base-phthalide reactions have been employed to synthesise 
(+)-bicuculline (Groenewoud and Robinson, /., 1936, 199). 

The present communication describes an alternative series of reactions which have been 
developed for the synthesis of alkaloids of type (I). During some preliminary experiments « 
detailed examination of the properties of N-(2-3' ; 4’-methylenedioxyphenylethyl)homo- 
phthalimide (I1) showed that the amic acid, m. p. 158-—159°, described by the previous workers 


(Haworth, Perkin, and Pink, J., 1925, 127, 1718) was impure, and that, in fact, alkaline 
hydrolysis of the imide (Il) yielded a mixture of two isomeric amic acids, m. p. 163° and 154° 
respectively. The higher-melting acid gave a methyl ester, m. p. 96°, and the lower-melting 
acid a methyl ester, which existed in a labile form, m. p. 93°65", and a stable form, m. p. 128°. 
When 2-3’ : 4’-methylenedioxyphenylethylamine was condensed with homophthalic anhydride 
in benzene solution, the amic acid, m. p. 154°, was obtained in high yield, and the isomeric acid 
was not isolated. Heating either of the amic acids yielded the imide (11), but the methyl esters 
showed a different behaviour when treated with phosphorus oxychloride in toluene solution ; 
the ester, m. p. 128°, gave 2; 3-methylenedioxyoxyprotoberberine (III), m. p. 180°, and the 
ester, m. p. 96°, gave the orange-red 2 : 3-methylenedioxyoxyisoprotoberberine (IV), m, p. 225° 
(cf. Haworth, Perkin and Pink, Joc. ci#.). It is therefore probable that the amic acids, m. p 
163° and 154°, have the structures (V) and (VI) (R = H) respectively, and these conclusions 
are supported by measurements of the dissociation constants of the two acids. Wegscheider'’s 
observations (Monatsh., 1903, 24, 930) on the relative strengths of the carboxyl groups in 
homophthalic acid suggest that the acid (VI) should be stronger than (V), and we find that the 
acid, m. p. 154°, with K = 19 x 10° is stronger than the acid, m. p. 163°, which has 
K = 63 10°. 

Condensation of homophthalic anhydride and N-methyl-2-3' : 4’-methylenedioxyphenyl- 
ethylamine gave an amic acid, m. p. 151°5°, probably N-methyl-N-2-3' : 4'-methylenedioxyphenyl- 
ethyl-o-carboxyphenylacetamide (V1; R = Me), but attempts to cyclise this acid or the 
corresponding methyl ester, m. p. 88°, with phosphorus oxychloride or pentachioride, or 
phosphoric oxide, failed to yield any basic material and the reactions were abandoned. 

A modification of the method used by Perkin, RAy, and Robinson (/., 1925, 127, 741) for 
bases of type (I). Meconine-a-carboxyl chloride (Perkin, Ray, and Kobinson, Joc. cif.) and 


a-carboxyamide (VII; RR = CH,), 


CH, 
 <OOK 

(iL) (ul) 

cH, 
(VIL) 
N-methyl-2-3’ 4’- 
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which was converted in 50-55% yield into dehydrohydrastine (VIIL; RR = CH,), m. p. 205°, 
by the action of phosphorus oxychloride. This orange-red compound (VIII) was soluble in 
warm dilute hydrochloric acid, but when the solution was boiled decomposition gradually 
occurred and oxyhydrastinine and meconine were produced. Dehydrohydrastine was rapidly 
reduced in acetic acid solution in the presence of @ platinic oxide catalyst to a mixture of two 
the differing solubilites of their respective picrates in acetone. The acetone-insoluble salt 
yielded hydrastine-a, m. p. 130°, and the soluble salt gave hydrastine-b, m. p. 152°, and the bases 
gave no depression of the melting points when mixed with samples kindly supplied by Sir 
Robert Robinson 


Marshall, Pyman, and Robinson (/., 1934, 1315) failed to resolve the racemic hydrastine 
bases, but as a result of a comparative study of the epimerisation of narcotine and hydrastine 
they concluded that naturally occurring (—)-hydrastine was probably an optically active form of 
hydrastine-a. The new synthesis has made it possible to prepare relatively large amounts of 
hydrastine-« and -+ and to subject the diastereoisomeric bases to a series of careful resolution 
experiments. Although we have converted hydrastine-b into the hydrogen (-+-)-tartrate, 
(+)- and (—)-camphor-10-sulphonate, and (+ )-bromocamphor-10-sulphonate, it has not been 
possible to resolve these crystalline derivatives, and (+.)-hydrastine-b was recovered from all 
fractions. Similarly the Aydrogen (+ tartrate of hydrastine-a resisted resolution but the 
(+) phor-10-stal ph le was d by crystallisation from water into needles, m. p. 
120—122", which had [aie = —~25°5" anchanged by further crystallisation, and a semi-solid 
fraction which was obtained from the mother-liquors. The needles were apparently an 
inseparable mixture of the (+ )-camphor-10-sulphonates of the (+)- and the (+ )-hydrastine-a 
base; decomposition of the salt yielded a crude base with (a)/f « + 26-°7° which was separated 
by crystallisation from methyl alcohol into (+-)-hydrastine-a, m. p. 138—139°, [a)}? < 0° 
and (+)-Aydrastine-a, m. p. 131—132° [a)}f = +42°2°. The semi-solid fraction from the 
mother-liquors from the (+ )-camphor-16-enlphonate gave a crude base with [«)}? — —30-2°, 
which yielded (—)-Aydrastine-a, m. p. 131-—-132°, [a)}f —42°1°, on crystallisation from methyl 
alcohol. This base was identical with a epecinen of (—)-hydrastine, kindly supplied by 
Messrs, T. & H. Smith of Edinburgh, which had [a)}f « -41°7° and did not depress the melting 
point of the synthetic (— )-base. 

Structure (I; R = Me) has been suggested for cordrastine, and two racemic modifications 
for this base have been synthesised by methods similar to those used in the synthesis of 
hydrastine-4 and N-Methy!-2-3’ ; 4’-dimethoxyphenylethylamine reacted with meconine- 
«carboxy! chloride, giving the amide (VII; RK = Me), which was converted by the action of 
phosphorus oxychloride into dehydrocordrastine (VII1; K = Me). This yellow base was 
reduced catalytically to a mixture of two racemic modifications, cordrastine I, m. p. 155—156°, 
and cordrastine II, m. p. 118-119". Cordrastine I, which was sparingly soluble in methy! or 
ethyl alcohol, gave crystalline (+ )- and (—)-camphor-10-sulphonates and a crystalline (+ )-bromo- 
camphorsulphonate, but attempts to resolve these were unsuccessful. Of the salts with optically 
active acids, only the Aydrogen (—)-tartrate of cordrastine I1, m. p. 118—119°, was crystalline, 
and attempts to resolve this salt were unsuccessful. 


EXPERIMENTAL. 


Hydrolysis of N-(2-3°: (11).—This imide (4 g.) was 
prepared and hydrolysed as described by Haworth, Perkin, and Pink (Joc. cst.) The crude amic acid 
was separated by fractional crystallisation from methyl alcohol into 4’- 
RK H) (1-8 g.), m 163—164° (Found: equiv., 326-5; 66-4; 
H, 50% 10 O,N requires equiv., 327; C, 66-1; 5-2%), and N-(2-3': 4 
ethyl) o-carbosyphen viacctamede (1-7 clustening needles, m. p. 153° (Found : 65-4; 
H, 64%; equiv., 326-8. “OM 66-1: 52%; equiv., 327) 

Esterification of the silver salts with methyl! iodide in suspension yielded the methy! esters. 
The methyl ester of (V; R « H) crystallised from ether in — colourless needles, m. p. 95—96° 
(Found: C, 66-7; H, 5&7 oH requires C, 66-9. H, 5-6% The methyl ester of (VE; R = H) 
separated from methyl! as prismatic needles, m. p. 03-5 (Pound C, 66-7, H, S57. 
requires C, 66-9; H, 56-8%), or long feathery needles, m. p. 128° (Found C, 66-7 ; H, 5-8%) ; inoculation 
of a methyl-aleoholic solution of the lower-melting modification with the form of m. p. 128° resulted in 
the conversion of the former into the latter, but the reverse change was not realised 

Condensation of and Homophthalic Anhydride —A mixture of 
the amine (0-5 g.) and the anhydride (0-5 g.) was refluxed in dry benzene (§ c.c.) for 2 hours during which 
a crystalline solid gradually separated. The cooled mixture was shaken with 5% sodium hydroxide 
solution (20 ¢.cs, and the alkaline extract was acidified: the crude acid, which slowly solidified, 
crystallised trom methyl! alcohol in glistening prismatic needles (0-9 g.), m. p. 152-153", identical with 
the amic acid (VI; R « H) described above. 


| 


A New Route to the Phthalide-isoquinoline Bases, etc. 1779 


of Betws, M. 128° and 95-—06".—The ester, m. p. minutes” fhe tluene 
phosphorus oxychionde ( ny = 
were removed under reduced pressure and the residue was taken up with chloroform. 


solution (20 c.c.) methyl-2-3' : 
anhydride (1-8 g.) was for 
R = Me) was recovered and 
listening white plates Ot = p. 161-5° (Pound: C 
obtained ester 


56%), were 
: 676; C N 6; HL 60 


—~ (8-0 g.) in benzene (20 c.c.) and »-sodium 

xide solution (0 c.c.). The mixture was shaken for 3 hours, and after 12 hours the amide (VII; 

= CH,) which gradually separated was collected, washed with water, ond 
alcohol. ted colourless (12 g.), m. p. 196—137° (Pound: C, 630; H, 55. C,,H,,O 
requires HL 

wit; RR CH,). —The amide (VU; RR CH) (10 6) ne 
oxychloride (6-0 ¢.c.) we ntly refluxed for 50 minutes. The oxychloride was = 

"), taken up in methyl! alcohol (3 c.c.), cooled to 0", and basified by the grad ope oe 
alcoholic ammonia (5 c.c. of saturated solution). The mixture was into water (30 c.c.), extracted 
twice with methylene dichloride, dried (Na,SO,), and freed from solvent. The residual oi! solidified on 
trituration with a little methy! alcohol, and product c ised from ethyl acetate in glisten 
orange-red (or needles) (0-5 g.), m. p. 204—205° (Found: C, 661; H,50. 
requires C, 66-2, 0%). This interesting highly-coloured base was decomposed by boiling it with 
dilute ee par to Te oxybydrastimine, m. p. 98°, and meconine, m. p. 102°; this degradation 
confirmed its structure. ly soluble in cold dilute acids, methy! or ethyl alcohol, or 
benzene, but sabe m chlorotorm ing an orange-red solution. It did not appear to be reduced 
by zinc im dilute hydrochloric acid. 

Hydrastine-a and Hydrastine-b.—Finely powdered dehydrohydrastine (VIII; RR CH,) (0-75 
was suspended in glacia! acetic acid (60 c.c,) and shaken with stalinis endae’ (10 mg ) sn an atmosphere of 
hydrogen for 2 hours. The colourless solution was filtered, the solvent removed under reduced pressure, 
and the dua! gum basified with ammonia and extracted with methylene dichloride. After 
— of the extract the solvent was , removed, and the product was taken up in methy! alcohol (4 c.c. 

and mixed with a solution of picric acid (0-42 g.) in 
for a few minutes, aay next morning the crude picrate | en 5 g.) was collected and refluxed with acetone 
aes yet Le The residue (0-5 g.) separated from a large volume of methyl ethyl ketone in 

prisms, m. p. 217— “218° (Found: C, 52-9; H, 41. Cale. for C, 62-9; 

3 0%, Which gave no depression in m. p. when mixed with hydrastine-@ picrate. 

The acetone filtrate, on concentration to about 5 c.c. gave the Aydrastine-b , which 
from acetone in clusters of stout yellow prisms. 197-—198" (Found: C, 629; H, & 3%). 

The picrates (0-25 g.) were decomposed with methyl-alcoholic ammonia ; sous of the methyl! alcohol 
was then removed and the residue, after the addition of dilute ammonia, was extracted first 
with methylene dichloride (5 c.c.) and then with ether (10 c.c.). combined extracts were washed 
several times with dilute ammonia solution and dried, the solvents removed, and the bases recovered 
Hydrastine-a coe from ether or alcohol in glistening stout prisms, m. p. 

139° (Found 65-7: 65-8; H, 65%). 


jon in m. p. when mixed with specamens of 
or respectively. 
Attempts to resolve Hydrastine-b. —Hydrastine-b hydrogen (+)-tartrate was prepared warmi 
equimolecular pete of base and (+ )-tartaric acid in water, extra tartaric acid being in anall 
quantities until dissolution was complete and until the unchanged base did not separate on cooling; it 
ated from amet in clusters of felted needles, m. p. 60-—70° (Hope, Pyman, Kemfry , and Robinson, 
, 1931, 236, . p. 65-70") (Found: C, 499; H, 56; H,O, 13-1, Cale. for AH,O 
“49-6; H, 6-5; H,0, 13-3). which after being dried i= vecuo over phe oxide melted at 115— 
120° and had = +8-3° in water (¢, 1- The ( +)-camphor-10-sud in alcoholic 
solution, colourless m. p. 183186" (Found : , 00-5; 0 Cy 
requires C, H, 6.0%), (aiff +7-5° in water (c, 0-86) (—)-<« 10- eopere rated 
from alcohol i slender, colourless pram, p. 180—185" (Found: wot: H, 60%), (ai? —130° 
in water (¢, 0-5). The (+-)-bromocamphor- 10- sulphonate, b gag in aqueous solution, separated from 
methy! alcohol in clusters of colourless elongated prisms, m —230°, with slight previous softening 
(Found: C, 53-8; H, 54. C,,H,,O,.NSBr requires C, 53- 4 5-2%), which had (a) +42-0° in 
alcohol (c, 0-4). 
esolwtion of (+ (+)- hydrogen (+ prepared in alcoholic 
lised from water in m. p. 110-—111° (Hope, Pyman, Kemfry, 
—110"), had (a had = 


m. p. 1 +66" in water (rc, 0-4). 
propane’ equecus valution, Sian water water in glistening 


(3 
ony 
m. p. with 2 methy lenecdiox you yprotoberberine (111) 
The ester, m. p. 95", underwent cyclisation more slowly ; after 2 hours’ refluxing the product, isolated 
as described above, crystallised from dilute acetic acid in orange-red needles, m. p. 225°, which gave no 
; R = Me).—-A benzene 
and thabe 
cted with 5% sodium 
rystallised from methy! 
er im Cob 
N-Meth 
Meconine-e-carboxy! chioride (prepared from 10 g. of the corresponding acid as described by Perkin, e 
Ray, and Robinson, joc. cf.) in benzene (256 c.c.) was added drop-wise and with cooling to a mixture ~*~ 
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p. 136-140", with previous softening at 125° (Hope, Pyman. 
with sintering ot 138°) Systematic fractional crystallisa th all 
glistening colourless needies (0-6 g.), m. p. 120-—122° after sin at 110° (Fou 
C, 674; 63 requires C. 57-2; H, 63; H,O, — ~—25-4° 
in water unchanged by fart t crystallisation. The base (0-4 .) liberated by addition of aqueous 
lated with methylene dichloride, had in the crude state (eff « + 26-7° in chloroform 
from methyl alcohol gave optically inactive (+)-hydrastine-a (0-2 g.), m. p. 
130°, and ( + )-Aydrastine-a which separated from methy! alcoho! in colourless prisms, m a 131— 
132° (Found C, 65-8; H, 64 Cy, Hy, O,N requires C, 65-8; H, 5-5%), depressed to 127—-128° when 
mixed with (+ )-bydrastine-a (+ which 2 im (ec, 2) gave a 
prcrate which ‘separated from alcohol im p. 185° ( 
collapses at 154--.160°) c, HL #3. at COUN. CH, requires 
62-2, 43. CH,OH, 60% 

Concentration of the (+ peaenghen- 10-sulphonate mother-liquors yielded a semi-solid mass which on 
basification gave a crude base (0-5 g.), (a) = —30-2° in chloroform (c, 0-25). After 2 crystallisations 
trom methy! alcohol, (—)-hydrastine-a (0-4 g.) was obtained as glistening colourless prisms, m. p. 131— 
132° (Found: C, 661, H, 57%), depressed to 127-—128° nm mixed with (+)-hydrastine-s, but 
converted into (+)-hydrastine-«, m. p. 138—139°, by crystallisation from a methyl-alcoholic solution 
contaming an equal weight of | +)-hydrastine-«, and wiving no depression in m. p. when mixed with a 
specimen of naturally occurring (—)-hbydrastine, m. p. | (—)-Hydrastine-a had (a)}f —42-1° 


in chloroform (¢, 0-2) and under similar conditions naturally occurring (—)-bydrastine had [a)}* = 
~41-7°. The ptevate of synthetic (—)-hydrastine-« separated from alcohol in glistening yellow needles, 
m 185° (rapid heating, otherwise col at 155 160°) (Found, in material dried at 80°: C, 53-2; 
H CysH yO requires C, 52-9, H, 3-0%), undepressed when mixed with the picrate prepared 
from natural ( ~)-hydrastine 
4) -dimethory phen viethy!) a-carboxyamide (VIL; KR = Me), prepared as 
RR = CH,), coyeasiiae from methyl alcohol in Tage white prisms, m. p. 


C, 63-7. H,62 requires C, 63-6, H, 60%) 

Dehydrocordvastime (VILL: R= Me) repared and isolated as described for dehydrohydrastine 
(VILL; RR CH,), was crystallised ied fast from rom methyl alcohol and then from ethyl acetate, it formed 
orange-yellow prisms, m. p. 136-—-136-5° (Found. C, 662; H, 59. C,,H,,O,N requires C, 66-5; H, 
os 
1 and Cordrastine (1, R = Me).—-Dehydrocordrastine (5 g.) was reduced in acetic acid 
(50 ¢.c.) as described in a similar case. Reduction was com in | hour, and the product, isolated 
with methylene dichloride, was cr lised from methy! alcohol. Cordrastime I gradually separated in 
Jon, prisms (24 ¢.), m. p. 155-156" (Found: C, 66-4; H, 62 requires C, 66-2, 

He 3%). The prerate crystallised from methy! alcohol in stout yellow prisms 153-——154° (Found - 
in at 00°, 14; C526, H. 45. requires tn we in wt., 1 ee C, 52-8; H, 46%). 

The +)-camphor-10-sulphonate, in alce and by the careful addition of 
=. crystallised from acetone in colourless, felted needles, m. p. 175-——180° (Found : C, 61-2; H, 6-8. 

H,,O, NS requires C, 60-0; H, 65%), = in water (¢, 10), The (—)-camphor-10- 

Phomate ed similarly, acetone in felted needles, m. p. 175-—180° (Found loss 
wt. at 4, C, H, ONS, requires loss in wt., 1-4; C, 60-0; H, 65%), 
= in water (c, 10). The (+ \-bromocamphor-10-sulphonate, prepared from ammonium 
(+ rahe hor-10-sulph te in aqueous solution, crystallised from methy! alcohol in elongated 

isms, m. p 215—218° (Found: C, 540; H, 56 CyHyO ~NSBr requires C, 54-1; H, 5-6%), 
lal = +34-8° in water (c, 1-1). The hydrogen (+)- and (—)-tartrates were uncrystallisable syrups. 

A solution of picric acid (1-4 g.) in methy! alcohol (5 ¢.c.) was added to the hot methyl-alcoholic 
mother-liquors from which cordrastine-! had rated, and the picrate (3-3 g.) which separated on 
cooling was collected and refluxed with methyi! alcohol (30 ¢.c.) for 30 minutes. The undissolved 
cordrastime 11 picvate (3-0 g.) was collected and crystallised from acetone in stout — rhombs, m. p. 
202° (decomp.) with previous shrinkage at 165--170° (Found: C, 53-4; H, 46. C,,H,,O,,N, requires 
C, 83-6; H, 45%). Decomposition with methyl-alcoholic ammonia yielded cordrastine [1, which 
crystallised from ether in colourless rhombic prisms, m 118—119° (Found: C, 66-0; H, 63%). 
The Aydrogen ( —)- prepared in alcohol, crystallised from methyl! alcohol in clusters of slender 
colourless prism, m (Found loss in wt. at 80°, 5-5; C, 560; H,60. 
requires loss in wt., C, 55-8; H, 60%), (a) ~}f —7-4° in water (¢, 1-0). 


Our thanks are offered to Messrs. T. and H. Smith Ltd., Edinburgh, for generous gifts of narcotine 
and hydrastine, to Sir Robert Robinson for specimens of hydrastine-a and -b, and to the De ment of 
Serentific and Industrial Research and a Chemical Industries Limited, Dyestuffs Division, for 
Maintenance Grants to one of us (A. R. P 
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361. The Constitution of $-Santonin. Part VII. Some 
Dimethylethylnaphthols. 


By Wesiey Cocxer, B. E. Cross, A. K. Fareex, Lipman, E. R. Srvarrt, 
W. H. Tuompson, and D. R. A. Wuyrs. 


ethylnaphthol that it is 2: (11). 
Several new dimet yviethyinaphthols are 


Ciemo anp Cocker (j., 1946, 30) showed that deoxy--santonin is dehydrogenated with 
selenium to 1-methyl-7-ethylnaphthalene and that desmotropo-y-santonin yields 2 : 4-di- 
methyl-I-naphthol on fusion wh sodium hydroxide, On the basis of this evidence the structure 
(I) was assigned to d tropo tonin. We have now found conditions whereby desmo- 
with palladised charcoal (cf. Cocker ef al., Chem. and Ind., 
1949, 641) to a dimethylethyinaphthol. 

This naphthol fails to couple with diazotised p-nitroaniline. _ It is thus substituted in the 
ortho- and para-positions to the phenolic group. Further, ultra-violet and infra-red light- 
absorption studies suggest that the new naphthol is 2 : 4-dimethyl-6-ethyl-1-naphthol (II), an 
expected dehydrogenation product of a desmotropo-compound of structure (1). The synthesis 
of (II) has not yet been accomplished, and further work on this is in progress. 


) 


v1. ) (VIL) (VUIL) (tX.) (X.) 


Only one dimethylethylnaphthol has so far been described, namely, | : 4-dimethy!-6-ethyl-3- 
naphthol obtained by the fusion of ap artemisic or dihydroartemisic acid with potassium 
hydroxide (Bertolo, Gazzetta, 1926, 56, 856). It is now shown that this naphthol is also obtained 
when (—)-«-desmotroposantonin is heated at 240-——250° with palladised charcoal, and the 
identity of the naphthol has been confirmed by synthesis. 

We had access to four xylenols, namely 0-3-, o-4-, m-4-, and p-xylenol, from which we have 

a number of naphthols possessing an ethyl group in the non-phenolic ring, namely, 3: 4- 
dimethyl-6-ethyl-I-naphthol (III), 1: 2-dimethyl-5- (IV) and -6-cthyl-3-naphthol (V), 
2 : 4-dimethy!l-7-ethyl-1I-naphthol (VI), 1 : 4-dimethyl-6-ethyl-3- (VII) and -2-naphthol (VIII). 
In addition, 3: 4-dimethyl-1-naphthol (IX) (cf. Arnold, Buckley, and Richter, J. Amer, Chem. 
Soc., 1947, 69, 2323; Kruber and Schade, Ber., 1935, 68, 11) and 4-methyl-7-ethy!-1-naphthol 
(X) have been prepared. 3: 4-Dimethyl-l-naphthol (IX) was obtained by the condensation 
of succinic anhydride with o0-4- xylyl methyl ether and via the following compounds : 
§-(2-methoxy-4 : 5-dimethylbenzoyl)propionic acid, y-(2-methoxy-4 : 
acid, 1-keto-5-methoxy-7 : 8-dimethyl-1 ; 2: 3: 4-tetrahydronaphthalene, and 5-methoxy-7 : 
dimethyl-1 : 2 : 3: 4-tetrahyd hthal 

Naphthols substituted by Ethyl in an a-Position in the Non-phenolic Nucleus,—The 
method followed (cf. Haworth, J., 1932, 1125, 2717; Haworth, Letsky, and Mavin, iid., 
p. 1784) involved the reaction of ethylmagnesium iodide with the appropriate tetralone 
followed by dehydration of the product and dehydrogenation of the unsaturated compound so 
formed 


The three tetralones employed, namely, 1-keto-5-methoxy-7 : -keto-8-methoxy 
5: 7-dimethyl- (Cocker and Lipman, J., 1947, 53; Cocker, Lipman, and Whyte, preceding 
paper), and |-keto-7-methoxy-5 : 6-dimethyl-1 : 2 : 3; 4-tetrahyd (Cocker, 
1946, 36), condensed readily with the Grignard reagent and the corresponding dibydro- 
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naphthalene derivatives were obtained in good yield. These were satisfactorily demethylated 
with hydriodic acid, but in two cases subsequent attempts to effect dehydrogenation gave 


= BOO = BOO 


anomalous results, Thus, 4-methoxy-1 : 2-dimethyl-8-ethyl-5 : 6-dihydronaphthalene, 
obtained from the first-mentioned tetralone, yielded 3: 4-dimethyl-I-naphthol (IX); and 
5-methoxy-6 &-dimethyl-4-ethyl-1 2-dihydronaphthalene obtained from the second-mentioned 
tetralone, gave 2: 4-dimethyl-I-naphthol when heated with selenium at 340° or sulphur at 
210°. On the other hand, | : 2-dimethy!-5-ethyl-3-naphthol (IV) was directly produced when 
3-methoxy-1 : 2-dimethyl-5-ethyl-7 : §-dihydronaphthalene, obtained from the last of the three 
tetralones mentioned, was heated with hydriodic acid containing free iodine. However, this 
reagent did not give satisfactory results with the other dihydro-compounds. Neither chioranil 

nor N-bromosuccinimide was successful as dehydrogenating agent. Catalytic reduction of the 
pve phen followed by dehydrogenation also led to the loss of the ethyl group and the 
production of mach tarry material. 

Unsatisfactory results were also obtained when 5-hydroxy-7 : §-dimethyl-4-ethyl-1 : 2: 3: 4- 
tetrahydronaphthalene [obtained from ethyl §-(2-methoxy-4 : 5-dimethylbenzoyl)propionate 
through the stages 4-(2-methoxy-4 : 5-dimethylphenyl)hex-3-enoic acid *, 4-(2-methoxy-4 : 5- 
dimethyl)phenylhexanoic acid, and 1-keto-5-hydroxy-7 : 8-dimethyl-4-ethyl-1 : 2: 3: 4-tetra- 
hydronaphthalene) or its methyl ether was submitted to dehydrogenation. None of the 
required | 2-dimethyl-5-ethyl-l-naphthol was obtained. 

It is significant that, in our experience, loss of alkyl group was experienced only in those 
compounds where this group was present in an a-position in the reduced ring and where there 
was another group in the corresponding a-position of the aromatic ring. We propose to 
investigate this point more fully, 

Other workers have met similar dealkylation during dehydrogenation (cf. Ramage, ]., 1938 
1853) but amongst the examples of the phenomenon, which we have found in the literature, that 
mentioned by Ruzicka, Ehmann, and Morgeli (Helv. Chim. Acta, 1933, 16, 314, 325) approaches 
most closely to those described by us. These workers found that 2 : 7-dimethyl-1-ethyl-3 : 4-di- 
hydronaphthalene is partly converted into 2 ; 7-dimethylnaphthalene when heated with selenium 
at 300°. 

When 4-methoxy-1 : 2-dimethy]-8-ethyl-5 : 6-dihydronaphthalene was catalytically reduced 
and the product was heated with palladised charcoal at 300°, 1 ; 2-dimethy!-8-ethylnaphthalene 
was obtained and characterised as its picrate and its trinitrobenzene and trinitrotoluene adducts. 
A similar result was obtained when the hydroxy-compounds were dehydrogenated. Ruzicka, 
Hofmann, and Frei (Mele. Chim. Acta, 1936, 19, 386) recorded that 3-methoxy-2 : 6-dimethyl- 
naphthalene is converted into 2 : 6-dimethylnaphthalene when heated with palladised charcoal. 
Further investigation of this point is in hand. 

Naphthols substituted by Ethyl in a §-Position in the Non-phenolic Nucleus.—Numerous 
methods are available for the synthesis of alkylnaphthalenes in which the alkyl! group is in a 
§-position, and many are applicable to the synthesis of the corresponding naphthols. Some of 
these are illustrated schematically below, using actual examples employed in the present 
investigation. 

(a) (cf. Cocker and Lipman, J., 1947, 523): 


(XL) 


* Geneva nomenciature. 


(1950) The Constitution of $Santonin. Part VII. 1783 
(6) (cf. Koebner and Robinson, /., 1941, 573) : 


(XII) 
(c) (cf. Holmes and Trevoy, Org. Synth., 1946, 26, 28) 


(XIV) 


(@) (cf. Haworth, J., 1932, 1128) : 


Method (a). By this route ethyl 1-keto-7-methoxy-5 :6- (XI) and 1-keto-5-methoxy- 
7: 8-dimethyl-1 : 2: 3 ; 4-tetrahydronaphthalene-2-glyoxylate and the corresponding carboxyl- 
ates were obtained, but only the carboxylate (XII) derived from (XI) was successfully 
ethylated. 

Method (b). 1-Keto-7-methoxy-5 : 6-dimethyl-1 ; 2: 3: 4-tetrahydronaphthalene (Cocker, 
loc. cit.) was directly ethylated using potassium fert.-butoxide, but apparently gem-diethyl 
compounds were produced, since subsequent Clemmensen reduction was very slow and the 
reduction product resisted dehydrogenation (as shown by ultra-violet light absorption measure- 
ments), This agrees with the experience of Clemo and Dickenson (/., 1937, 255) who showed 
that 2: 2-dimethyl- and 2-methyl-2-ethyltetralin resisted the action of selenium. Sen Gupta 
(J. pr. Chem., 1938, [ii), 151, 82) asserted that the former yields 2-methylnaphthalene when 
heated with selenium in a sealed tube but, in our case, this modification also failed. 

1-Keto-5-methoxy-7 : 8-dimethyl-1 : 2: 3: 4-tetrahydronaphthalene, however, was directly 
ethylated to 1-keto-5-methoxy-7 : 8-dimethy]-2-ethyl-1 : 2 : 3: 4-tetrahyd phthal (XID) 
which was converted in the usual way into 3 : 4-dimethyl-6-ethyl-1-naphthol (III). 

Method (c). From the appropriate butyric esters, ethyl 7-methoxy-5:6- (XV) and 
8-methoxy-5 : 7-dimethyl-3 : 4-dihydronaphthalene-2-carboxylate were obtained although the 
yields left much to be desired. These were reduced to the tetrahydro-compounds, hydrolysed, 
and converted into the acid chlorides, which were not isolated but were treated immediately 
with dimethylcadmium. No reaction took place, presumably owing to insolubility of the 
5: 6-dimethyl-1 : 2: 3 : 4-tetrahydronaphthal ide a very small quantity of a 
7-methoxy- 2-acetyl-6 : 6-dimethyl-I : 8: 4-tetrahydronaphthalene (XVI), 


Method (4). This provides a very direct route to the required naphthols. The first stage 
consists in the condensation cf ethyisuccinic anhydride with the appropriate xylyl ether. The 


OMe 
(XV) (XVI) 
Me CO,H Me? 
H, 
~ Erco (XVIL) (XVUL) 
le 30 
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subsequent stages are well known. Using methyleuccinic anhydride, the method has been 
extensively applied to the synthesis of polycyclic hydrocarbons (cf. Berliner, Org. Reactions, 
1949, 6, 242, 275). As shown in the formula above, the reaction may yield either an a- or a 
§-alkyl-6-benzoylpropionic acid. In general, however, the use of an ionising solvent favours the 
formation of the a-alkyl compound, whereas non-ionising solvents act in the reverse sense (cf. 
Cocker et al., loc. cit., who review the earlier work on the condensation of unsymmetrical! alky!- 
succinic anhydrides with aromatic systems). In the condensation of methylsuccinic anhydride 
(unpublished work) and ethylsuccinic anhydride with phenyl ethers in nitrobenzene, the 
a-alkyl-6-benzoylpropionic acids generally predominate. With p-xylyl methyl ether, however, 
ethylsuccinic anhydride yields a mixture from which pure 8-(4-methoxy-2 : 5-dimethylbenzoy])- 
«-ethylpropionic acid (XVII) was isolated, leaving an intractable oil which, on reduction by 
amalgamated zinc, yielded a product from which pure §-(4-methoxy-2 : 5-dimethylbenzyl)-n- 
valeric acid was isolated; the quantities isolated indicate that the anhydride condensation had 
proceeded in each direction to about the same extent. 

The identity of the two acids mentioned was established by their conversion into the 
corresponding tetralones (XVIII) and (XIX). The keto-group of (XVIII) is hindered and did 
not form a semicarbazone, whilst (XIX) readily yielded this derivative. 

o-4-Xylyl methyl ether and ethylsuccinic anhydride give a sticky product from which only 
a-ethyl-6-(2-methoxy-4 : 5-dimethylbenzoyl)propionic acid has so far been isolated in a pure 
condition, This compound, after reduction to the corresponding butyric acid, was readily 
cyclised to 1|-keto-5-methoxy-7 ; §-dimethyl-2-ethyl-1 : 2: 3: 4-tetrahydronaphthalene, which 
failed to yield a semicarbazone but was converted into 3 : 4-dimethyl-6-ethyl-l-naphthol (III). 
In our view, failure of a 1-tetralone to yield a semicarbazone indicates the presence of groups in 
the 2- and the &-position and can be used for diagnostic purposes (cf. Cagniant and Buu-Hoi, 
Bull. Soc. chim., 1942, 9, 841). 

Von Auwers and Mauss (Ber., 1928, 61, 1495) showed that acety! chloride reacts with m-4-xylyl 
methyl ether in boiling carbon disulphide to yield a mixture of 5-hydroxy-2 : 4- and 2-hydroxy- 
3. 56-dimethylacetophenone, The reaction of ethylsuccinic anhydride with the ether could, in a 
similar fashion, take place both ortho- and meta- to the methoxy-group to yield a mixture of 
a- and §-ethylbenzoylpropionic acids in each case, that is four products in all : 


HEt-CO,H CHyCO,H 
Me | 
(XX.) 
Me Me CO Me CO 


(XX1) 


When we condensed ethylsuccinic anhydride with m-4-xylyl methyl ether in cold 
nitrobenzene, a mixture was obtained in which a-ethyl-$-(5-methoxy-2 : 4-dimethylbenzoy])- 
propionic acid (XXII) predominated. Its identity was established by oxidation to 5-methoxy- 
2: 4-dimethylbenzoic acid [obtained from the known 5-methoxy-2 : 4-dimethylacetophenone 
(von Auwers and Mauss, Joc. cit.)), and by reduction followed by cyclisation to 1-keto-8-hydroxy- 
5: 7-dimethyl-2-ethyl-1 ; 2: 3: 4-tetrahydronaphthalene. From this ketone, which failed to 
give a semicarbazone or a piperonylidene derivative, 8-hydroxy-5 : 7-dimethyl-2-ethyl- 
1: 2:3) 4-tetrahydronaphthalene (4) and thence 2 : 4-dimethyl-7-ethyl-l-naphthol (VI) were 
obtained. 

In addition to the keto-acid already mentioned, we obtained an appreciable quantity of an 
intractable, oily keto-acid. This yielded a tetralone from which a pure semicarbazone was 
eventually obtained. The semicarbazone was reduced by the Huang-Minlon modification of 
the Wolff-Kishner reaction to the foregoing tetralin (4), which also gave the naphthol (V1) ; 
assuming that no isomeric changes took place during the reduction, it must be concluded that 
the semicarbazone was derived from 1-keto-5-methoxy-6 8-dimethyl-3-ethyl-1 2:3; 4- 
tetrahydronaphthalene which must have originated from §-ethy!-$-(2-methoxy-3 : 5-dimethyl- 
benzoy!)propionic acid (XX). Oxidation of the oily keto-acid yielded an impure sample of 


| 
| 

| 
| 
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5-methoxy-2 : 4-dimethylbenzoic acid and, thus, it is obvious that the oil also contains (X.XI) or 
the unknown (XXII), or both. 

It is of interest that, when we condensed chioroacety! chloride with m-4-xylyl methy! ether 
in cold nitrobenzene, #-chloro-5-methoxy-2 : 4-dimethylacet was the sole product 
isolated. Its identity was established by reduction to 5-methoxy-2 : 4 4-dimeth ylacet 
In cold carbon disulphide, the same product was isolated in good yield but there was evidence 
of other products (cf. von Auwers and Mauss, loc. cit,). 

Amongst other products prepared from m-4-xylyl methy! ether was 5-methoxy-2 : 4-di- 
methylbenzy] alcohol which was obtained in excellent yield by the reduction of 5-methoxy-2 : 4- 
dimethylbenzoic acid with lithium aluminium hydride in ether. The derived benzyl! chloride 
with ethyl ethylmalonate gave ethy! 5-methoxy-2 : 4-dimethylbenzylethylmalonate, hydrolysed 
to an oily acid, which was further reduced with lithium aluminium hydride to an alcohol, but 
attempts to convert the last into the corresponding chloride were not successful. We intend to 
investigate these reactions further. 

The syntheses so far described started with the appropriate xylenol to which a second ring 
carrying an ethyl group was fused. Attempts were made, starting with ethylbenzene, to fuse 
on the phenolic nucleus. The first method we employed in this connection was that due to 
Stobbe (cf. Campbell, Annual Reports, 1947, 44, 136, for many references). Methylsuccinic 
ester was condensed with p-ethylacetophenone to yield a mixture of unsaturated acids from which 
3-carbethoxy-4-p-ethylphenyl-2-methylpent-3-enoic acid (XXIII) was isolated. Attempted 
decarboxylation of this half ester with concentrated hydrochloric acid yielded only the corre- 
sponding dicarboxylic acid (XXIV or an isomer), m. p. 142°; but in hydrobromic acid in acetic 
acid the half-ester yielded the lactone of 4-hydroxy-4-p-ethylpheny!-2-methylpentanoic acid 
(XXV). Distillation of the half-ester under reduced pressure yielded a second dicarboxylic 
acid (m. p. 155°), which on storage was gradually transformed into the lower-melting acid. 
The relationship of these acids has still to be investigated. Attempted cyclisation of the 
half-ester with concentrated sulphuric acid yielded a colourless keto-compound, m. p. 83°, which 
when refluxed with alcoholic potash gave an isomeric yellow compound, m. p. 122°. The 
former compound is probably a-(1-keto-3-methyl-6-ethyl-2-indenyl)propionic acid (XXVI) 
(cf. Campbell, Joc. cit.) and the latter the more highly conjugated a-(1-keto-3-methyl-6-ethy!-2- 
indanylidene)propionic acid (XXVIJ). 

All attempts to obtain the required 2 : 4-dimethyl-7-ethyl-1-naphthol or its 3-carboxylic acid 
were unsuccessful. 


(XXIIL) 


a”) 


(XXV.) (XXVIL) 


The following method was then employed. p-Ethylacetophenone was condensed, in boiling 
xylene, with ethyl §-bromoisobutyrate in presence of magnesium. The magnesium dissolved 
fairly rapidly under these conditions and the product was hydrolysed, yielding an oil, probably 
a mixture of the required 4-p-ethylphenyl-2-methylpent-3-enoic acids. Attempted ring- 
closure of this oil with phosphorus trichloride (cf. Borsche, Annalen, 1936, 526, 1) yielded the 
lactone (XX), and treatment of the lactone with concentrated sulphuric acid gave a product 
which possessed the odour of a naphthol but proved intractable. 

In a further experiment, designed as a model, methy! 6-p-ethylt jonate was 
treated with methylmagnesium iodide yielding -3-enorc ‘acid, but efforts 
to cyclise this to 4-methyl-7-ethyl-l-naphthol with phosphorus trichloride (Borsche, /oc. 
cit.), acetic anhydride, or sulphuric acid gave the acid chloride or intractable 
material. The acid chloride could not be cyclised it would appear that, in spite of the 
work of Borsche, these unsaturated acids are suitable for cyclisation to phenolic 


E 
CHMe 
> 
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compounds (cf. also Fieser and Fieser, “ Natural Products Related to Phenanthrene,” New 
York, 1949, p. 87). 


SSS 


(XXVIII) 


However, when the mixture of 4-(p-ethylpheny!)-2-methylpent-3-enoic acids was reduced 
with hydriodic acid and red phosphorus, a product was obtained which was cyclised in sulphuric 
acid to I-keto-2 : 4-dimethyl-7-ethyl-1 : 2: 3: 4-tetrahydronaphthalene (XXVIII). Bromin- 


“Natural” product 


— 
AA. AA. 


ation in ether and dehydrobromination with dimethylaniline yielded the required 2 : 4-dimethyl- 


T-ethyl-l-naphthol (VI) which did not the melti int of the 
Rape! ; depress ting point compound prepared by 


| 
co 
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7-ethyl- 
ky reaction are to be found in the 


Magnesium reacted slowly in boiling benzene, but very rapidly in boiling 
xylene, and the yields of the product were of the order of 45%. Bromination of the tetralone 
followed by dehydrob tion was very smooth and this method appears to us to be of 
considerable preparative value. 

Absorption Spectra.—The absorption spectra of the various naphthols and some related 
compounds were measured (see Experimental section) and Fig. 1 shows typical examples. 

The 1- may be clearly distinguished from the 2-naphthols, particularly by the “ triplet “ and 
“ doublet” bands of the latter, and here the degree of resolution in the “ triplets" and 
“ doublets " varies with the position of the substituent alkyl 

The carbethoxy-tetralones showed an interesting phenomenon. One of the peaks (denoted 
by X in Fig. 2a) alters with time in respect to position and also intensity. Measurement of this 


Fie. 2a. Fie. 2. 


Variation of “X” with time. 


AA. Time, minutes. 


change is illustrated in Fig. 2b. However, there was no simultaneous change inthe peak at 
2290 a. and only a slight fall in FE... for the peak at 2610 4. Further studies of this’problem are 
in hand, but the phenomenon is likely to be associated with the equilibrium shown below : 


Fig. 1 shows conclusively that the “ natural’ naphthol from 4 t ~-santonin is a 
that of 2 : 4-dimethyl-7-cthyl-1-naphthol that it probably differs from the latter only in the 

of a 6- in place of a 7-ethy!l group. 

infra-red absorption spectra of 4-methyl- and 2: 4-dimethy!-7-ethyl-1-naphthol and the 
) by Messrs. Imperial Chemical Industries 
“ natural” naphthol and 2 : 4-dimethyl-7- 


3 
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By a similar process, 4-p-ethylphenylpent-3-enoic acid 
Few examples of the use of §-bromo-esters in the Reformats 
literature. In the case in point, the reaction did not proceed’ in presence amc under an 
Me 2 
> 
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differences in detail which are consistent with a shift in the position ot the ethyl group from the 
7- to the 6-position, but that they are inconsistent with a shift to the 5- or the §-position. 


Infra-Red Absorption. 
The numerals give the band frequencies (cm), the letters the band strength (W — weak, M = 
medium, 5 strong). 


“ Natural” 773 987 1030 1040 1108 1162 1193 1225 1244 1276 1309 


Me 815 940 1002 1033 1055 1071 1101 1162 1195 1238 1306 1337 


918 1035 1051 1144 1162 1196 1220 1253 1276 


EXPERIMENTAL. 
(Analyses are by Drs. Weiler and Strauss, Oxford.) 
ion spectra were measured with a Beckman Quartz Spectrophotometer, Model D.U., using 
silica cells of thickness 1.000 4 0001 cm. Spectra were measured in alcohol and the initial concen- 
trations were of the order of $6 mg. /1., with ten-fold dilution when necessary to bring the high intensity 
within the range of the instrument. 

All the Friedel-Crafts reactions a os rformed in nitrobenzene. The description given under A 

below is typical of all the experiments in category. 


A. Experiments with o-4-X ylenol. 

4-Dimethyl-l-naphthol (1X).—-8-(2-Methoxy-4 5-dimethylbenzoyl propionic acid. A mixture of 
o-4-xylyl methyl ether (26-8 g.), succimec anhydride (22 g.), and dry nitrobenzene (100 c.c.) was slowly 
treated with a solution of aluminium chloride (25 g.) in nitrobenzene (200 c.c.) at 15-—20°, and the 
mixture was set aside overnight. It was then poured into ice and hydrochloric acid, and the nitrobenzene 
layer was separated, washed successively with hydrochloric acid and water, and extracted several times 
with 20% agg ammonia. The extract was washed with ether, filtered, and acidified, yielding the 
heto-acid (26.5 155°), which Wes from dilute alcohol as needles, m. p. 161° (Found: C, 
661; 74. ), requires C, 66 H, 68%). Its methyl ester from light 

b. p. 40.40") as stout rods, m. p. 58° (Found 8; H,7-15. C O, requires C, 67-2; re). 
ts ethyl ester consisted of needles (from light petroleum), m. p. (Found: C, 67-9; 
requires C, 68-2, H, 76%). 

The identity of the keto-acid was shown by oxidation with sodium hypochlorite to 2-methory-4 : 5-di- 
enacts acid, which crystallised from dilute alcohol as needies, m 141-142" (Found: C, 66-8; 
H, 67 sell gO, requires C, 66-7; H, 67%), and was also obtained ) ate 2-methoxy-4 5-dimethyl- 
ensaphenaie (von Auwers, Bundesmann, and Wieners, Annalen, 1926, 447, 176) by oxidation with 
sodium hypochlorite 

y-(2-Methory-4 5-dimethyiphenyl) butyric acid.—The keto-acid (144 g.), refluxed for 24 hours 
with amalgamated zinc (4) g.), concentrated hydrochloric acid (50 c.c.) water (30 c.c.), yielded the 
butyric acid (12-6 g.) which crystallised from light petroleum (b. p. 40-—60°) as needles, m. p. 78—79° 
(Found. C600; H. #1. C,,H,,O, requires C, 70 H, 81%). 

1. Aeto-S-methoxy-7 &-dimethyl-1 4-tetrahydronaphthalene. The butyric acid (12-5 g.) was 
heated for 10 minutes at 65-70" with concentrated sulphuric acid (60 c.c.), cooled, and poured on 
crushed ice, and the Aefone was collected (11-6 ¢.). It was washed successively with sodium carbonate 
and water and crystallised from light petroleum . 43 60.80") as colourless needles, m. p. 76° (Found : 
C, 76-5, H, 8&0. C,,H,,O, requires C, 76-5; 8%). Its semicarbarone crystallised from dilute 
alcohol as silvery plates, m. p. 205- 206° (Pound : Cc, 7; H, 70. C,,H,,O,N, requires C, 64-4; H, 
73% 

Hydr: -Aeto-7 &-dimethyl-1 2: 3: 4-tetrahydronaphthalene was obtained when the butyric acid 
was heated with 80% sulphuric acid on the water-bath for 2 hours. It crystallised from dilute alcohol 
as prisms, m. p 193 194° (Found : C, 75-6; H, 7-3. C htOer uires C, 75-8; H, 7-4 

5- Methony - &-dimethyl- 23> 4-tetrahydron Keto-5-methoxy-7 §-dimethy!- 
1:2:3-4 tetrabydtronaphthalene (17-2 g.) was reduced during 24 hours with a mixture of concentrated 
hydrochlorc acid (140 ¢.c.), water (100 c.c.), and amalgamated zinc (140 g.), and the uct was extracted 
with ether. The required as was obtained as a oaieaen oil (93 g.), b. p. 152°/6 mm. 
(Found. €, 81-6; H,@2. C,,H,,0 requires C, 82-1; H, 95%) 

5-Hydroxy-7 : S-dsmethyl-1 253: 4- The last-mentioned methoxy-com 

q.) was refluxed for 90 minutes with hydriodic acid (4 1-7, 45c.c.) (4-7 g. 
light petroleum (b. p. 60-80") as felted needles, m. p. 116-—-117° (Found: C, 81-6; H, 

H uires C, 81-8; H, 01%). Its carbanslate crystallised from dilute alcohol as prisms, 
(Pound 76.8; 70. C,,Hy,O,N requires C, 77-3; 7-1%). 

3: &-Dimethyl-l-naphthol (IX). The preceding compound (1 g.) was with (3 for 
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ont was extracted with charcoal) and distilled in steam. 
give m. p. 121—122°, and Krabe 

Cale. for H, 7-0%). 

= 3-85}, and 3-73, respecti 
6s" mad: C, 63-0, 53-7 


60— 50") as 
rand Schade, 
give m. p. 114—115") (Found: C, 83-4; H, 7-0 
Maxima, 2420, and 3300 ‘log 


rors Pom scarlet needies, m. p. 168° (Fou 40, 
as needles, m. 222224" (Found 61-6; H, 2-9. C688; 


(111). —Ethyi -heto S-demethyi-1 
. 1-Keto-5-methoxy-7 : §-dimethyl-1 : 2 (30-6 

y ethy! oxalate (21-3 g.) absolute alcohol (130 ¢.c.) was cooled to — 5° and a solution 


mixture of ice and concentrated hydrochiorc ac nest Tystallised 
m. p. (Found c H, 6-5. H, 


glans (30g at 106—200° of carton 


acid. A mixture of o-4-xylyl methyl 
(22 g.). ethyisuccinic anhydnde (cf ‘ren and Crawford, /., 1937, 230) (22 g.), and nitrobenzene (30 mk 
treated with aluminium chloride (50 g.) in nitrobenzene (100 c.c.), a heto-acid (21 2k ere 
crystallised from dilute alcohol as tufts of needles, m. p. 138—142° (Found : Cc, “eb 4. H, 7-7. 
C, 682; H, 76%). Its identity was confirmed by oxidation to 
y-(2- A was 
+ Clemmensen conditions to an oil which to solidi = 6) 
: 8-dimethyl-2-cthyl-1 (XI111) was obtained (3-6 g.) as 
aa oil, b. p. 168°/10 mm., when the above oil (5g.) was heated with concentrated sulphuric ag lye 
10 minutes at 65—70" (Found: C, 77-6; H, #7. C,, HO, requires C, 77-6; H, 66%). It failed to 
rs a semicarbazone. This compound was also obtained when 1-keto-5-methoxy-7 : 8-dimethy!- 
2:3: 4-tetrahydronaphthalene (5 g g.) in tert.-buty!l 
alcohol (382 c.c.), was slowly treated pt ethyl iodide (100 ¢.c.), and the mixture refluxed for 2 hours. 
with sulphurous acid, dried, and distilled ( nd: C, 77-7 85%) 
5-Hydroxy-7 &-dimethyl-2-ethyl-L 2:3:  : The foregoing oily ketone (9 ¢ 
was reduced under Clemmensen the product wes vebuned for 9-5 hours with hydriedis 
es c.) and glacial acetic acid (10c.c.). The Aydrory-com nd, which was extracted with ether, c 
t petroleum (b (6«.), (Found C, 82: 
16-1. C, 82-4; H, 98%). absorption ima, 2200 ., log 
2850 (Found C, 22. H, 9-8%) was also obtained from 
y- “ed d 1-2-ethyl-1:2:3 compo obtained by direct ethylation. 
3: (111). (0-8 g.) was dehydrogenated with 
selenium (2-4 g.) at 340- ised from light roleum 

p. 40—60") as needles, m. p. 76—77° (Found Fre ; H,80. C,, requires, 84-0; H, 80%). 

ts porate crystallized trom ben ht 40—60") as scarlet needles, m. p. 135-—136° 
Found : C, 55-3; H, 44. ,,O,N, requires C, 55-9 44%) absorption 2450 
2020) and 3080 (3100) (0-64) and 3-64 (9 Ti) respect 
eto-5-methoxy- -7 &-dimethyl-l 2:3: 4-tetrahydronaphthalene (6-3 im ary 

ether (75c.c.). The reaction was completed by | hour's refluxing and the mixture was decomposed 
iy (4-9 g.), b. p. 156—150°/8 mm. (Found: C, 82-7; H, 90. C,H requires C, 63-3; 

When this (6 g.) was refluxed with hydriodic acid (16 c.c.) for 2 hours and the product 
heated with selenium (8) 330—340° for 3-5 hours, the mixture yielded much tarry material and 
3: 4-dimethyl-l-naphthol (0- > A similar result was obtained when the product of the 

reaction was directly heated with selenium and then copyanee with hydrogen iodide. 

: 2-Dimethyl-6-ethylnaphthalene (Found; C, 91-4; H, 86. C,H), requires C, 91-3; H, 87%) was 
obtained (0-45 g.) as a colourless oil, b. p. 145-—146°/10 mm., when the a unsaturated compound 
(0-6 g.) was reduced in acetic acid with palladised charcoal and the product was heated with 
Light absorption : Maxima, 2280, 2610, 2880, and 3210 a. ; 
= 472,3 3-69, and 2-61 430 Its prevate lised from methy! alcohol as 
m. =. (Found: C requires C, 58-1; 46%). Its trinitro- 

needles, m. p. 109° (F : C, 6; H, 
dark’ yellow needles 82° (Found : C, 61-3; H, 52%) 
ethyl hetone. ydroxy-4 : &-dimeth methyl 


and Mon’ 1818 
3 days, acidified, and extracted with ether, from which the 


eum 
compound (21-5 g.) was hea 

ceased The product wa “ 

h hydroxide (36 

fas then refluxed for 

own oil. It quickly 

obtained 10-5 
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as yellow needles, m. p. 143° (Found C, 76-3; H, 7-9. H, 7-8%). It 
m. p. 230-240" 

Attempts to obtam 2-Dimethyl-5-cthyl-4- naphthol —4-(2-Methoxy-4 : ~B-enone 
acid. Ethyl! §-(2-methoxy-4 (18 in ether (200 was added at 0° 
to a Grignard solution from ethyl iodide (15 g.). After stirred for 2 hours in the cold the mixture 
was refluxed for 1 howr and decomposed with ammonium c . The ethereal layer was separated 
and extracted 3 times with 10 sum carbonate, from which an oily mixture of isomeric acids (9-5 g. 

light petroleum (b. . 40-60") one of the required actds solidified 
m. p. 82-6" (Found : C,72-3; H, #2. C,,H,O, requires 


tion of either the mixture of acids or 


the pure acid mentioned above in 

the saturated acid. trom light 
to 70° by its precursor (Found ; C, 72-1; CysH yO, requires C, 72-0; 

The lactone of t-hydroxy-4-(2-methoxy- §-dimethy yi)hexanoic acid was 
above unsaturated acid was heated with te at 
ligrotn as prisms, m. requires 81%). 


-Aeto onap hexanoic acid (7 g.), 
heated with 80%, sulphuric acid (40 ¢.¢.) at 100° for 3-5 hours, gave a mixture of the required "y- 
BS which crystallised from ligroin as fine needles, m. p. 156—157° (Found 76-6; H, 8-4. 
requires C, 77-1; H, & 2%), and its methyl ether, b. p. 1 163° /10 mm. (Pound : C, 77-9; H, 
93. requires C, 77-6; H, 86%). 

S-dimethyl-4-cthyl-1 4-tetrakydronaphthalene and its methyl ether. The 

compounds were reduced under Clemmensen conditions, the ee Ge 

oils, b. p. 168-—160°/10 mm. (Pound: C, 82-3; H, 10-1. it. 82-3; 
08%) and 146-—1462°/10 mm. (Found: C, 825; H, 103. requires C, 82-6; 
respectively. Efforts to te these compounds were were unsuccessful. 


B. Experiments with o-3-X ylenol. 


1-Keto-7-methoxy-5 yi-l: 2:3: 4-tetrahydronaphthalene (Cocker, J., 1 &-). 
— to react in the usual way with a todide prepared from iodide 
2 c.c.)), yielded an oil (6-1 g.) which was heated at 160° with potassium hydrogen cagnaat (eee). 
mixture was extracted with ether, iding the required ether (2-8 g.), which crystallised from 
methanol as pr (Found: C, 840; H, #5. C,,H,O requires C, 83-3; H, 93%). 

(IV). The foregoung dihy dro-com nd (0-7 g.) was simultaneously 
demethylated and dehydrogenated when refluxed for 2 hours with hydriodic acid conta ——y 
(4c.c.). The was first sublimed and was then crystallised from (b. 
yielding the napAthol as feathery needies (0-5 g.), m. p. 121° (Found C, 83 H, 7-9, 
64-0, H. 80%). Light absorption : Maxima, 2380, 2860, 2970, and 3370 A.; 

3-65, 3-45, 3-82, 3-39, and 3-49, respectively. Its 
100°) as deep-red needles, m. p. 118—119° (Fou H, 44. requires 
9; 44%) 

i: 2- 3-naphthol (V). y-(4-methoxry-2 : 3-ds Aenyl)butyrate was obtained 
as an oil, b. p. mm., when the (Coe 1946, 36) was refluxed 
- 4 hours with alcohol and sulphuric acid (Found: C, 1; H, &8. C,,H,,O, requires C, 72-0; 

Ethyl T-methoxy-5 6-dimethyl-3 Absolute alcohol (8 c.c.) was 
slowly added to powdered sodium (3-14 g.) in dry ether (65 c.c.), and the mixture was refluxed until the 
sodium had dissolved. The solution was cooled to — 15° and a mixture of the above ester (15-7 g.), ethyl 
formate (9-5 c.c.), and ether (50 c.c.) was added dropwise with stirring during | hour. The mixture was 
set aside at room temperature for 72 hours, powdered ice was added, and the ethereal layer contai 
unchanged butyric ester (8-5 g.) was separated. The aqueous layer was acidified and the crude formy 
compound (3-8 g.) which separated was collected with ether and dried. The solvent was removed and 
the residue was added at —10° to a well-stirred mixture of 90% phosphoric acid (15-5 c.c.) and 
concentrated sulphuric acid (3-3c.c.). The mixture, allowed to warm to 10° during 2 hours, was red 
on ice and extracted with ether. The aqueous solution was nearly neutralised with sodium hydroxide 
and again extracted with ether. The combined extracts, washed dest with sodium to carbonate 
and then with water and dried, yielded the required ester 7 35 g.) which crystallised from dilute alcohol 
as needles, m. p. 65--68° (Found: C, 73-7; H, 7-8. C,,H,O, ires C, 73-8; H, 7-7%). Light 
Maxima, 2440, 3020, and 3350 log =~ 4-25, 4:13, and 3-88, ~ 

7-Methoxy-5  6-dumethyl-3 aced separated from alcohol as prisms, 
m. p. 232° (Found: C, 720; H, 71. C.,H,,O, requires C, 72-4; H, 69%). Light absorption: 
Maxima, 2430, 3020, and 3330 a.; log ¢ «~ 4-25, 4-1, and 3-84, respectively. 

7-Methony-5 6-demethyl-1 2. 3: 4-tetrahydronaphthalene-2-carboxylic acid was obtained (1-3 g. 
when the preceding compound (1:35 g.) was reduced in ethyl acetate (100 ©.c.) 

be saturated acid c lised from dilute alcohol as prisms, m. p. * (Found: C, 71-8; 
requires C, 71-8; H, 7-7%). Its amide, prepared from acid 
alcohol as needles, m. p. 216° (Found: C, 71-9; H, 7-8. CigHyO,N requires 


tthowy-2-acetyl-5 2:3: 4-tetrahydronaphthaiene. A suspension of the above amide 
(0-5 % im anisole (50 c.c.) was to a Grignard solution prepared from magnesium (0-7 g.) and ethyl 
todide (4 im (25 and the mixture was refluxed in an atmosphere of nitrogen for 60 hours. 
The mixture was worked up in the usual way and the product (50 mg.) was crystallised from th alg me 


C, 126; H, 1% 
yield of 
pressed | 
en the | 

d from 
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methoxy-5 3. 4-tetrahyd hthab (Cocker, lec. ett.) (10 g.) was condensed in the 
usual way with ethyl onalate in presence of potassium ethoxide. 
H, 66%). t absorption: Maxima, 3250 401; 37504; 

.) was heated for | hour with 
hsed from 99-5" (Found: C, 601; H,7-7. 
Light absorption Maxima, 22 3100, and 3200 a. ; loge = 


1: 2:3: 

potassium (2-0 g.) and tert. Ethyl iodide (15 c.c.) was then slowly added, with 
stirring, in the cold, and the mixture was refluxed for 3 hours and set aside overnight. The aleohol was 
times with cold 40% sodium hydroxide solution. The dried extract was distilled, yield: ( ** 
b. p. 174-—-180°/5 mm., which was refluxed for 2 hours with potassium hydroxide 
alcohol (10 ¢.c.) The solid product was crystallised several times from | 

36 


776 
2-ethyl-1 2.3: 4-tetrahydronaphthal The (04g) 
was reduced Clommense conditions and gave an oil which was reflus for 
acid (4 c.c.) and acetic acid (10 c.c.). requires 824: 
isms, m. (Poe 0; H, 05. requires C, 82-4; H, 9-8%). 
a- Ethyl-B-(4-methory-2 3-dsmeth yibenzoyl) ic acid. 0-3-X 
densed with ethylsuccinic anh mide ‘alumina The product was crystallised 
several times from benzene—hght 100— 120°), from the acid (18 g.) 
separated as needles, m. p. 135° (Found : C, ONT: te. 75. Cys ), requires C, 66-2; H, 7-4 
a-Ethyl-y-(4-methoxy-2 3-dimethyl henyl)butyric acta. The above keto-acid (12-2 g.). 
Clemmensen conditions, yielded a solid which, after 3 crystallisations from light petroleum PSP 
ided the d acid (12-2 g.) as radiating needles, m. . 78° (Found : C, 71-7; H, 7. € 
requires C, 724. H, 88%). Heated for 10 minutes at 65-— * with concentrated sulphuric acid acid (Ib 
this (2:7 ¢.) yielded : 6-dimethy!-2-ethyl-1 : 2:3: (20 g.), 
p. 66°, undepressed by the prepared as described above. ——- -hydroxy-5 : 
ethyl 2:3: 4-tetrah phthalene after reduction and demethyla’ 
was crystal! rom zene— ight petroleum from which the required naphthol Diss) 
ound C, 84-4; H, 82. C,,H,,O requires C, 84-0; 
%). Light absorption 2370 (2740 3190, and log = 4-81 (3-55), 
and 3-34, respectively. 


Ethylation of Keto-7-methoxy-b : 6-dimethyl-1 ketone 
wes added toa of potas (9-6 g.) im tert. but and the mixture stirred 
| hour with ethy! iodide (60 c.c.) and then refluxed hours. The uct, an oil (2-0 g.), b. 


186°/5 mm., « and was then crystallised from petroleum (b. 40-00") from which 
m. p. 52—53° (Found: C, 78-0, 78-6; H, C, uires C, 78-6; H, 
The was probably 6-dimethyl-2 3. 4-letrahydro- 


hours, the y-5 2-duethyi- - onaphthalene being obtained 
asan oil (1- b. p. 166°/1—2 mm. (Found C, 82-2; 10-6. requires C, 82-0; H, 10-6%). 
When the ketone (1 g.) was heated for 1 hour with hydriodic acid (5 c.c.) it yielded a glass w 
solidified on being robbed. with light petroleum ( *). On crystallisation from this solvent the 
supposed 6-dimethyl-2 : 2: 4-tetr separated as 
needles, m. p. 149° (Pound: C, 77-7; H, 86. C,gH,,O, requires C, 78-0; H, 6-9%). 


C. Experiments with m-4-Xylenol. 
tempts to prepare 7-dimethy!-1 4 
(8 and Cocker, Whyte, lece. eu.) and 
b. p. 135°/10 mm. (Fow C, 82-9; H, @1, Hy? requires C, 63-3; H, 
208 0° for 4 hours and the 

ker 


¢-dimeth 
the corresponding acid (Coc 
loc. ett.), diced C, 724; H, #8. C,,H,,0, requires C, 72-0; H, #-8 


3-carboxylate was obtained (2-3 g.) as a 
6 


4 hours with 10% meth “), 1: 2-dily 
acid (1-9 g.), ete 
(Found : C, 71-7, 724: H, 6-9. requites 724; H, 69%). The pring 


5-Methoxy- : 8-dimethyl-1 2 : 


pound 


1792 Cocker, Cross, Fateen, Lipman, Stuart, Thompson, and Whyte : 


63 


C, 067; H, 66. C,H, pe mee 66-7; H, 67%). It was demethylated with hydriodic acid in 
acetic acid to 6-hydroxy- acid, which crystallised from dilute alcohol as plates, m. p. 
186-186" (Meisenheimer, Hanssen, and Wachterowitz, /. pr. Chem., 1928, (ii), 119, 315, give m. p. 185-— 
186"). 5&-Methoxy-2 ; 4-dimethylbenzoic acid was also obtained by the oxidation of the known 
5-methoxy-2 . 4-dimethylacetophenone (von Auwers and Mauss, loc. cit.) with sodium hypochlorite. 
= -B-(S-hydroxy-2  4-dimethylbenzoy!) acid obtained by heating the methox ~acid with 
acid separated from ethy! acetate—light petroleum as needles, m. p. 144° (Fou C, 6740; 
uires C, 67-2, H, 7-2%) 
1-dimethyl-2-cthyl-1 4-tetrahydronaphthalene.—-The methoxy-acid (XXI) 
under Clemmensen conditions to an oul (7 «.) which was heated with sulphuric 
acid (40 c.c.) for 2 hours on the water-bath and afforded §-Aydroxy-|-keto-5 | 7-dimethyl-2-ethyi-1 > 2-3: 4- 
tetrahydronaphthalene (4 g.), b. p. 163°/10 mm., which solidified and then crystallised from dilute alcohol 
as needles, m. p. 28° (Found C, 760; H, #1. C,,H,,O, requires C, 77-1; H, 3%). 
8-Hydrosy-5 1-dimethyl- 2-ethyl-1 3:3: 4-tetrahy: yonap thalene.—The ing nd (3-5 g.) 
(Clemmensen) on light pet roleum (b. p. ) as needles, 
. (Found C, 82-8; H, 1} requires C, 82-4 Light absorption : Maxima, 
A., log 405; 2720 ., log « 
2: naphthol (V1). ~The hydroxytetralin (0-5 g.) was heated at 340— 
and t was crystallised from light petroleum (b. p. 40— 
60°) from which the napathol das m. p. 110° (Found ; C, 83-3, 83- 
uires C, 84-0; H, 80%) Light absorption Maxima. 2400, 3030 (3160), and 3400 4. ; log ¢ = 4-62, 
3-72 (3-64), and 3-50, r tivel its carb ted from aqueous alcohol as needles, m. p. laa" 
(Found ; C, 7-2; H, 6 oh cH, O,N requires C. 7-0; H, Its picrate separated trom benzene 


as scarlet needles, m. p. Pound” H.46. sO, N, requires C, 55-9, H, 4-4%). 
The mother-liquors from the fom of the methoxy id “described yielded an oily acid. 
This (8 g.) was reduced (Clemmensen) and cyclised with concentrated sulphuric acid to a mixture of 
methoxytetralones (3-6 g.), b. p. 168°/3mm. (Pound: C,77-4; H, #4. Cale. for C C, 77-6; H, 
6%), which yielded a semicarbarone (1-2 g.), m. p 190—191" (Found : C, 65-7; H, re- 
aires C, 66-4, H, 80%). This was probably the semicarbazone of |-Aeto- ‘S-methoxy- -6 8-dimethyl- $-cihyl- 
[2:3 4-tetrahydronaphthalene since on reduction by the Huang-Minlon modification of the Wolff- 
Kishner reaction and it (1-2 g.) afforded 8-hydroxy-5 : 7-dimethyl-2-ethyl-1 : 2:3: 
tetrabydronaphthalene (0-5 
3-Carbethory-4-(p- 2-methylpent-3-enore Acted (XXI11).—A mixture of p-ethylacetophenone 
(10-4 g.), ethyl methylsuccinate (21-2 g.), and tert.-butyl alcohol (15 c.c.) was added to a solution of 
potassium (1-32 g.) in fert.-buty! alcohol (60 .c.), and the mixture was refluxed for 40 minutes. After 
cooling, the mixture was rendered faintly acid and the solvent was removed under reduced pressure. The 
residue was extracted with ether which was washed with water and then shaken several times with 
saturated sodium carbonate. The filtered alkaline extracts were acidified, yielding a mixture of half- 
esters as an orange oi! (20 g.) which partly solidified. The solid half-ester (2 g.) was collected and 
crystallised from light (b. p. 40-60") from which ated as needles, m. p. 112—113° 
(Found: C, 700; H, 74. C,,HyO, requires C, 70-4; H, 76% he half-ester was refluxed with 15% 
hydroc hioric acid, yielding nt-3-enore aced which separated from 
water as needles, m. p. 142° (Found ; 65-3, H, 68. C, eg requires C, 68-7; H, 69%). On 
distillation, the oily half-ester yielded a dicarboryl acid, m. — 55° (Found: C, 68-2; H, 69%). On 
storage, the latter dicarboxylic acid was transformed into the bbe" ¢ 142°. 
lactone of 4-Hydrowy-4-(p-ethylphen yl) -2-methyl penianote acid (XXV) —The oily half-ester (5 g.) was 
refluxed for several hours with a mixture of glacial acetic acid (15c.c.) and 48% hydrobromic acid ( . 
ne the oily lactone (2-5 g.) was collected, having b. p. 182-—184°/10 mm. (Found: C, 76-9; H, & 
O, requires C, 77-1, H, 83%) 
| keto 3-methyl-6-cthyl-2-indenyl)propionic Acid (XXV1).—The oily half-ester (1 g.) was heated 
at 63 -70° for 10 minutes with concentrated sulphuric acid (5 g.). The product (0-3 g.) crystallised from 
benzene light p. 60.80") as white needles, m. p. 83° (Found C, 73-7; H, 6-6. C,,H,,O, 
requires C, 73-8, H, ). Its separated from benzene-l cht petroleum as 
m. p. 190 ‘(Found HL 63 1,,O,N, requires C, 63-8; H, 63%). a-(1-Keto- 1-6- 
ethyi-2 tndanylidene) propionic acid (XXV was obtained as yellow ‘needles ( alcohol), m 22°, 
when its isomer was heated with alcoholic potash (Found: C, 73-1; H, 61%). 
1-Keto-2 : 4-demethyl-T-cthyl-1 4-tetrahydromaphthalene mixture of 
(58 (Pickard and Lochte, /. Amer. Chem. Soc., 1947, 68, 15), 
(47-2 and xylene (50 c.c.) was added toa mixture of magnesium ¢.c,) to 
which a crystal of iodine had been added. After 3 hours’ refluxing and stirring, all the 
was distilled, yielding a viscous yellow oil (46-5 g.) was refluxed for 2 hours with potassium 


* Another modification of this acid melted at 83°. isation of the latter from dilute alcohol 
gave the form of m. p. 64°. Both gave the same benzoic on oxidation and on demethylation. 


pr Whe a 

and aluminium 

ight petroleum ; 

| 

| 

i 
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oye (90 g.), and the unsaturated esters (34-6 were collected at 170-220°/10 mm. 
with gave a liq liquid mixtere of acide which when chahen with salphunc 
acid the lactone of 4-hydroxy-4-(p-ethyipheny!)-2-methylpentanoic acid (Found: C, 77-4; H, 


Fhe mixture of unsaturated acide (20) was refute with hydrindic ch and ved phoephora 
(3 g.) for 5 hours, y an oil which no on the 
water-bath for | hour with a mixture of concentrated sulphuric acid and 
b. p. 136°/10 mm. (Found: C, 832; H, 89. C,, 100 requires C, 83-2; ts semicarbazone 
Plates (teem mn. p. 202—-203° (Found 795. C,,H,,ON, 
~l-naphthol (V1).—The ketone (XXVIII) 0-66.) js 
bromine (0-15 c.c,) in ether (5 ¢.c.). 
was refluxed with (2-5 c.c.) 
dilute sulphuric acid and distilled in steam. The filtered distillate 
crystallised from light petroleum (b. p. 40—-60°) as needles, m 
y described (Found : C, 
ve no depression in m. with 
described above. 


4-dimethyl. 


solidifed (m. 
C, 61-8; it 60. »H,,0,C 
200 c.c.) at such a rate as to maintain gentle reflux. The mixture was then tly refluxe 
minutes, cooled, and slowly treated with water and then with dilute sulphuric y cid, 
magee separated. It was washed several times with dilute sodium carbonate solution and 
vent removed, yielding the required alcohol (2-35 g.) — ee from light . 
60°) as needles, m. p. 56-—57° Cc, 71-8; H, requires C, 84%). 
5-Methoxy-2 : 4-di C Alovide.—The above 7 g.) was slowly treated in 
with thionyl chloride (7- A further, equal Ear of thiony! chloride was then added 
mixture set aside it was refluxed for 30 minutes. of thiony! chloride 
was removed, and the residue was hed wi carbonate, dried 
yielding (85 g.), b. p. 122°/3 mm. (Found C, ae: is. 6-5. C,H 
requires C, 65-0 


Ethyl (5-Methoxy-2 : Sater —A mixture of sodium ethoxide [from 
a 36 and choclate (06-001) ethy! ethylmalonate (14 i 
treated with the above chloride 


refluxed for 6 hours. It was 


D, Experiments p-Xylenol, 


(XVII). p-Xylyl methyl + (9 g.) was anhydride (87 g.), by use of 
aluminium chloride (22 . The crude product (13-5 g.; m. p. 96-104") was crystallised several times 


from | (b. p. 120°), from which the required ae was ned as radiating rods (4-05 g.), m. 

123—124° (Found : C, 680; H, 68-2; H, Its semicarbasone 
decomp.) (Found : C, 587 72. requires 
the crystallisation of the acid yielded a solid. m. p. 07-— 


a-Ethyl-y-(4-methoxy-2 yl) butyric The keto-acid (XVII) (3-9 g.) was reduced 
amalgamated zinc (40 g.) to the req ey x crystallised from light petroleum iF 
colourless rods (3°3 g.), m. p. C, 71-9; H, requires C, 72 


ydroxy-1-heto-5  8-dimethyl-2-ethyl-1- The com- 

pound (3-2 ¢.). bated with 80% wad (18° poh. hours, ketone which 

crystallised from petroleum (b. p. 40—-60°) as radiating plates 45 g.), m. (Found 
C, 17-8; H, 8-6. H.,,O, requires C, 77-1; H, 83%). It did not yield a semicarbazone. 

nc uired hydroxytetralin was c rom 


as fine ou 
C, 4-0; t absorption 2300 (2780), 2890, 3000, 
3-68, 3-38, and 3-41, respecti 
from alcohol as slender rods, m. 138-139" (Found : C, 78-4; H, 
66%). Its picrate C, 66-8; H, 4-45. 
requires C, 55-0; H, 44%). 


w-C hloro-5-methory -2 solution of aluminium chioride (42 g.) im nitro- 
benzene (100 c.c.) was added to a stirred mixture of m-4-xyly! methy! ether (20-6 g.) and chioroacetyl 
chloride (25 g.), and the solution was set aside overnight. It was treated in the usual way and the product 
was extracted with chloroform and distilled The oil (22 g.) which collected at 160—170°/2——3 mm. 
sodium 
s slowly 
ure was 
an oil 
by 
4b 
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ty zinc, the butyric acid, B-ethyl-y-(4-methory-2 5-dimethyl- 


was obtained which crystallised from hght petroleum (b. p “40—60") as prisms (2: 
m. p. 56-87" ound C, 71-7; H, #6 uires C, 720; H, On treatment with 
sulphunc acid on the bouling water-bath, the preceding Compound (2-0 g.) 
as fine needies (1-3 g.), m (Found 769; H, $2. requires C, 77-1; 
gall, ,O,N, requires C, 66-45, H, 16%). 

The compound (XIX) (0-7 g.) was reduced with amalgamated zinc (20 g.) and concentrated b 
the usual way, and the product distilled in steam. The sol nog d in a vacuum and 
crystallised from light petroleum (b. p. 2-naphthol (VIII) as 
neodion m. p. 02-6" (Pound: C, 843 H ,,O requires C, 84-0; H, 8-0%). 

t absorption: Maxima, (2740), 2840, 2940, and t-+# (3-62), 3-73. 3-65, and 

Its carbamslate crystallised from es as on needles, m. p. 186—187° (Found : 
C, 786; 66 ,H,,O,N requires C, 790, H, 

4-Methyl- propionate obtained from its acid (ef. 
Levy, Aun. Chim., eS SS consisted of an oil, b. p. 187—~188°/10 mm. (Found: C, 71-1; H, 7-3. 

te to p-ethylbenzoic acid. 

4-(p- Ethyiphenyl) S-enctc acid. A Grignard solution from magnesium (2-3 g.), methyl iodide 
(12-0 6.) ), and ether (70 c.c.) was added at 0° to the ester (18 g.), and the mixture was refluxed 

m. After decomposition of the product, ethereal! solution was extracted several times with 

12% sodium carbonate solution from which the required acid (4-5 g.), m. p. 56—57°, was obtained as 
light (Found: C, 764; H,7-9. C,,H,,O, requires C, 16-5; H, 7-8%). 

3: 4-tetrahydronaphthalene, The “above ‘unsaturated acid (0 ‘hated 
heated with hydreodic acid (7 ¢.<.) and red phosphorus (1-0 g.) for 6 hours and the product (0-5 g.) ted 
on the water-bath 2 hours with a mixture of sulphuric acid water (0-5 c.c.). 
@. 188-189" (Found: C, 68-4; H, 7-5. C,,H,,ON, requires C, H, 

ted as described a the required 

p. 75° (Found : C, 83-8; H, 7-5. Cy,H,,O 

H, 7-5%). Light absorption: Maxima, 2420, 3040 (3160), and 33104; log ¢ = 3 37 
and 3-56, respectively. Its picrate consisted of scarlet needles (from benzene), m. p-. 132—-133° (Found 
“C, 54-05; H.39. C,,H,,O,N, requires C, 54-9; H, 41%). 

Dehydrogenation of Di tr opo-p-sant +)-B- ot #-santonin (1 g.) was heated with 
palladised charcoal (1-26 g.) at 240—280° for 56 hours in a sealed tube. The mixture was then extracted 
times with methyl alcohol, and the extract was distilled in steam, yielding a (11 (0-23 

This was sublimed in a vacuum and then crystallised from light petroleum (b 
113° (Found: C, 843, 83-9; H, 79,83. C,H 40; H, 
tion axima, 2420, 3020 (3170), and 3330 a. t=+ (3-57), and 3-45, 
It formed a carbantiate, minute needles, m. p. 150—151 (from dilute alcohol) (Found : C, 783: 
79-0; H, 66%), picrate, dark red needles (from benzene), m. p. 143-—144° 
3 


(Found uires C, 55-0; H, 44%), and 
needies (from benzene), m. (Pound: C, 87-8; 48. requires C. 58-1; 


46 

D trop —(- t (1 g.; m. p. 190°), heated for 
heute ot at 260250" with charcoal (i ¢.), 1 naphthol (50 mg.) 
which crystallised from light petroleum (b. p. 120°) as needles, m. p. 123° (compare Bertolo, loc. cit., 
ae m 126°) undepressed by the specimen described above. 

4-Dimethy!- 2-naphthol obtained by potash fusion of d t (Bertolo, Gazzetta, 1902, 

Il, os. “n6) gave the following light absorption: Maxima, 2360 (2740), 2000, 2970, 3260, and 3380 a.: 
log = 4-75 (3-53), 3-68, 3-65, 3-35, and 3-42, respectively. 
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Formation of Tyrisine Melanin. Part 11. 


362. Formation of Tyrosine Melanin. Part II. 
R. Cremo and F. K. Duxsvury. 


ylalanine have been prepared and their reactions with 
vlad and ultra-violet spectra of the Feaulting pigments have 


ALTHOUGH the formation of melanin from tyrosine has been extensively studied, the reactions 
involved and the structure of the pigment itself remain unsolved problems. Furthermore, there 
is still pontroversy about the relation between natural and synthetic melanins (Mason, New York 
Acad Sci., 1948, 4, 399; Ginsburg, Genetics, 1944, 29, 176). The view that melanin formation 
from tyrosine (I) involves the five stages needed to convert it into (111) via the red pigment (II) 
was advanced by Raper (Biochem. J.. 1927, 21, 89) and has received confirmation from the 
spectroscopic work of Mason (J. Biol. Chem., 1948, 172, 83) and the synthetic work of Robertson 
and his co-workers (/., 1948, 2223; 1949, 2061). 


(IIL) 

but none has been proved. Clemo and Weiss (/., 1945, 702) suggested that the 5 : 6-dihydroxy- 
indole couples in position 2 and is oxidised at position 3, and that the resulting indigoid structure 
then undergoes further polymerisation, but this view has been rendered unlikely by Harley- 
Mason (J., 1948, 1244), who prepared 5 : 6 : 5’ : 6’-tetrahydroxyindigo and found that it did not 
yield melanin. Burton (Chem. and Ind., 1948, 67, 313) suggested 4 : 7-coupling of the dihydroxy- 
indole and oxidation at position 3 to give a polymer of the type (IV). 


av.) 


On the assumption that (III) is an essential intermediate, it is probable either that melanin 
results from the polymerised coupling at certain positions of the dihydroxyindole system, or 
that the catechol nucleus first undergoes oxidative fission as postulated by Woodward for the 
\ is of strychnine (Nature, 1947, 162, 155) and by Robinson for that of emetine (ibid., 
1948, 162, 524). If the latter mechanism were involved, (III) would be converted into a 
reactive ketonic substance and to test this view we added hydroxylamine to the tyrosine enzyme 
system. The further reaction was not inhibited and we conclude therefore that such an oxidative 
fission is im 

The oxidation of 6-hydroxy- 3-phenylindole-2-carboxylic acid to a black pigment led Morton 
and Slaunwhite (J. Biol. Chem., 1948, 179, 259) to postulate the quinomethane system (V) for 
their pigment, which does not need a 5-hydroxyl group. 

We have therefore based our work on the assumption that the indole nucleus undergoes 
oxidative coupling at some of the many available centres, and inhibition of melanin formation 
would be expected if the hydrogen atoms at the active centres were replaced by other groups. 
Accordingly, substituted tyrosines have been prepared and treated under the standard conditions 
for production of melanin from tyrosine by tyrosinase. Thus, 2- (Schmalfus and Peschke, Ber., 
1929, 62, 2501) and 3-methyl-, and 3-methoxy-tyrosine yield no melanic pigment, although in 
all cases position 5 is free for the introduction of the hydroxyl group. The same is true for 
2 : 4-dihydroxyphenylalanine (Hirai, Biochem. Z., 1926, 177, 449), tor which the entry of a 
hydroxy! group at position 5 would be expected to be particularly easy ; in this case, however, the 
enzyme is poisoned, but not in the three cases mentioned above. Although the enzyme is to 
some extent specific in this reaction the absence of the carboxy! group is stated to produce no 
difference in melanin formation since tyrosine and p-hydroxyphenylethylamine take up similar 
amounts of oxygen (Duliére and Raper, Biochem. J., 1930, 24, 259). The effect of blocking 
position 2 of the indole nucleus has been examined also by using tyrosine ethyl ester (E. Fischer, 
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Ber., 1901, 34, 433). This forms a brown pigment insoluble in aqueous sodium hydrogen 
carbonate, but readily soluble in warm 10% aqueous sodium hydroxide. The solution yields 
on acidification a brown solid easily soluble in aqueous sodium hydrogen carbonate with the 
evolution of carbon dioxide. The ester group has thus been retained. 

The ester-containing pigment, unlike tyrosine-melanin, cannot be formed by the autoxidation 
procedure, which suggests that the dihydroxyindole-2-carboxylic ester is not autoxidised in 
alkaline solution. The reaction may, therefore, proceed differently from that involved in melanin 
formation, although Robertson ef ai. (Joc. cit.) and Burton have shown that a 2-methy! group in 
the case of 5 : 6-dihydroxy-2-methylindole does not prevent melanin formation. 


Fie. 1. 
Ulira-violet absorption spectra. Cell length = 1 om. Concentrations are in mg./mil. 


20 


18 


Tyrosine-melanin (0-066). 
2. (0-033). 
Carboryl-containing pigment enzyme action (0-050). 
. pigment (0-020 
N-Methylmelanin (0-016). 
Adrenalin-melanin (<0-001). 
+, Tyrosine-melanin (0-034), hed with hydroxylamine 
Tyrosune-melanin (0-037), bland for hydroxylamine test. 


The carboxyl-containing pigment when treated with tyrosinase is converted into a brownish- 
black pigment initially sparingly soluble, but after reprecipitation insoluble, in aqueous sodium 
hydrogen carbonate. This slight solubility suggests decarboxylation and the analytical figures 
suggest that a further reaction has occurred, but since the melanin pigments cannot be purified 
by recrystallisation—ethylene chlorohydrin, claimed as a suitable solvent by Lea (Nature, 1945, 
156, 478), has not proved useful in our hands—the usual analyses cannot be as accurate as for 
organic compounds generally. 

Raper infers that N-methyltyrosine (Corti, Helv. Chim. Acta, 1949, 32, 681) forms N-methy!- 
melanin which indicates that the blocking of position | of the indole nucleus does not 
inhibit pigment formation and we have found that the ethyl ester of N-methyltyrosine, which is 
blocked in both the 1 and the 2 position yields no pigment. Tyrosine-melanin is only very 
slightly soluble in aqueous sodium hydroxide after being heated on the water-bath, whereas 
N-methylmelanin as well as the above carboxyl-containing pigment both readily dissolve and 
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these solutions are thus very suitable for the determination of their visible and ultra-violet 
spectra (Figs. 1 and 2). 6 

2: 3-Dihydroxyphenylalanine has also been prepared and found to yield a black 
pigment easily soluble in N-potassium hydroxide, but not in sodium hydrogen carbonate solution, 
thus indicating that the 4-hydroxy!l group of the indole nucleus is probably free. This pigment 
is spectroscopically identical with tyrosine-melanin, and this suggests that position 4 may not be 
needed for polymer coupling as required by Burton's formula. 

Fis. 2. 


Au 0-095 where otherwise stated 
ssible-light absorption spectra. mg./ml., except 
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Carboryl-containing pigment after further enzyme action (0-107). 
Carboryl-contamming pigment. 
N-M Imelanin. 
in- ~mealanin < 
yrosime with hydroxylamine). 
T yrosine-melanin for hydroxylamine test) 
2. 3-Dihydrorypheny lans allowed to 


Burton also suggests the introduction of a hydroxyl group at position 3, but we find that 
adrenalin which has a potential hydroxyl group at position 3 is converted by tyrosinase into a 
brown pigment spectroscopically different from N-methyltyrosine-melanin. 

The absorption spectra of the pigments (Figs. 1 and 2) have characteristic gradients. 
the solutions are kept in alkaline solution the absorption generally decreases (Fig. 3), ag coe 
is observed, and the gradient remains constant. 

This result is in agreement with Duliére and Raper's observation (loc. cit.) that more oxygen 
is taken up in solutions of pH greater than 8, thus indicating further oxidative coupling whereby 
the molecular concentration decreases so that absorption becomes less intense. The analytical 
results obtained for the above-described pigments (dried to constant weight over sulphuric acid 
in a vacuum) show consistently higher hydrogen values than those quoted previously for melanin 
and indicate that in all cases formation of the pigment is accompanied by an oxygen uptake. 
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3-Methoxytyrosine was prepared by a route alternative to that employed by Johnson and 
Bengis (/. Amer. Chem. Soc., 1913, 36, 1606). We found the melting point of one of the inter- 
mediates, «-oximino-$-(4-hydroxy-3-methoxyphenyl)pyruvic acid, to differ from that recorded 
by Fischer and Hibbert (/. Amer. Chem. Soc., 1947, 69, 1208). 


Fis. 3. 
absorption spectra. Decreases sm absorption when substances ave kept standing in alkaline 
soln. Comens. as im Fig. 2. 


B,, 2: 3-Dihydroxyph 
By, B, after 24 hours. 
C,, Tyroswne-melanin. 
Cy, C, after 24 hours. 


Our results show that the pigments from N-methyltyrosine and tyrosine ethyl ester differ 
from tyrosine-melanin. Further, the evidence indicates that positions 1 and 2, but not 4, are 
involved in the oxidative polymerisation. The work is being continued. 


EXPERIMENTAL. 
(M. p.s are uncorrected.) 


3. Methyltyrosine (20 g.), 4hydroxy-3-methylbenzaldehyde (45 g.), f 
fused sodium acetate (9 g.), and distilled acetic anhydride (9 ml.) were heated for 7 hours at 145—150°. 
The mixture gradually solidified to a dark brown mass. After addition of water (40 ml.), the cooled 

xluct was warmed, filtered, washed with hot water, and recrystallised from acetic acid, 2 : 5-diheto- 

6-4: piperazine being obtained as golden-yellow plates (3-9 g., 51%), 
m. p. 280° (Pound: C, 66-5; H, 55. C,H yO,N uires C, 664; H, 5-1%). The benzylidene- 
piperazine (1-4 g.), hydriodic acid (22 ml.), and red phosp orus (2-0 g.) were refluxed for 10 hours. The 
cooled deep-red solution was diluted with water (20 ml.) and filtered, the filtrate eva ted to dryness, 
water (10 ml.) added, and the yellow solution titrated with aqueous ammonia (d 0- ) until the colour 

ust disappeared (pH 5). The free amino-acid was filtered and recrystallised twice from water (charcoal), 

-methylityrosine ing cenians as colourless prisms (0-7 g., 54%), m. p. 276° (Found : C, 61-3; H, 6-7. 
Cale. for CH ON C, 61-5; H, 67%) 

3- Methoxytyrosine.—Sodium (1-7 g.) in absolute ethanol (70 ml.) was added to a warm solution of 
hydroxylamine hydrochloride (4-8 g.) in the minimum amount water. After removal of sodium 
chloride, a-thio-8-(4-hydroxy-3-methoxyphenyl)pyruvic acid (5 g.) was added, the mixture was refluxed 
for 45 minutes, cooled, and evaporated to dryness ina vacuum. The pale yellow product was dissolved 
in & minimum amount of aqueous sodium hydroxide (5%), filtered from sulphur, and cooled to 0°. 
Hydro-hioric acid (10%) was added until the solution became pale yellow. a ear 
methoxypheny!)pyravic acid slowly crystallised out and was recrystallised from water (yield, 3 g., 

m. p. 156°) (Found: C, 53-7; H, Cale. for C,H,,O,N: C, 53-3; H, 49%). To the 
(4 g.) in aqueous sodium hydroxide (8%; 30 mi.) jum amalgam (4%; 80 g.) was added during 30 
minutes ‘The solution was evaporated to 30 ml., treated with charcoal, and cooled. The amino-acid 


was filtered off. dried at 100°, and rec llised from water ey ee was obtained as 
colourless (3-1 g., 80%), m. p. 257° (Found: C, 484; H, 69. Calc. CyHyO.N,2H,O: C, 
=: He?) Found, after drying in a vacuum at 160°: C, 56-8; H, 66. Calc. for C,,H,O,N : C, 
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cooled solution saturated with hydrogen chloride, (42 mi.) added, the whole reflaxed for 7 
and then evaporated to dryness in a vacuum, and the residue dissolved in water (20 mi.). The solution 
neutralised ( carbonate) and extracted with ethy! acetate, the solvent removed, and the 
(b. p. as a colourless oi which solidified and recrystallised from 
m. p. 122° (Found: C, 64-7; H, 73. C,.H,,O,N requires 


: B-dthydroxyphenyl) propionic Acid.—o-Vanillin (5 g.), hippuric acid (6-2 g.), anhydrous 
sodium acetate (3-0 g.), and acetic anhydride (10-3 ml. were heated on a water-bath for 30 minutes. 
filtered off, 


San B-(2- 
ecetony obtained as 62%), m. p. 156-—157° 
67-7 CoH LON requires C, 67-7; H, 4-4 
for 15 minutes, water (150 ml.) added to the hydrochloric acid (20%) added 


hydroxy acid from 76%, ethanol in 


m. p. 226 C, 657; 48. requires C, 65-2; H, 
cinnamic acid (2-5 g.), hydriodic acid (16 mi. acetic anhydride (15 mi.), 
Water (30 mi.) was added, the 
and some benzoic acid were filtered off, the yellow filtrate was extracted 3 times with ether, and 
layer evap d under bh _ The clear brown residual oil was dissolved in water 
(90 unl) containing o litte Iph treated with charcoal, and the resulting pale yellow solution 
was treated dropwise with aqueous ammonia (d 0-986) till it became and commenced to darken. 
The a-amino-§-(2: 3 dihydroxyphenylipropionic acid acid was filtered and twice recrystallised from 
ueous sulphur dioxide (charcoal), 2g., 71%), m. p. 265° (Found: C, 55-0; 
,O,N requires C, 54-8; H, 5 
Melanin Pormation.-The amino-acid was dissolved in water (200 ml), the solution 
(10 ml.) (Raper, Joc. cit.) and phosphate bu mil.; pH 8) were added, and air was bu through the 
solution for 24 hours. 3- oxy- and wht tyrosine produced no pigment. 2: 4-Dihydroxy- 
nylalanine poisoned the enzyme. The ethyl! ester of t-N-methyltyrosine gave a yellow-green de 
aS produced a brown pigment different from the black one from 1-.N methy!- 
tyrosine 3-Dih solution, which after 24 hours 
ia the cates whetn Ro was farmed, tyvenine (0-1 g.) in water (60 ml.) was added, 
to check the enzyme activity. 
J., 1925, 19, 90) was applied to L-tyrosine 
ethyl ester and 2 ydroxyphenylalanine 
A solution of the amino-acid (or ester) (0-2 g.), watan OO eho. and enzyme solution (20 
oxygenated until the red colour was a maximum - hours for the ester, 4 hours for the acid. solution 
was acidified (10% acetic acid ; 8 ml.) and boiled. The products were filtered off and 
colourless filt t with aq sodium carbonate 10%, 10 ml.). The mixture was shaken 
Diyos yielded a black similar to the above. T ethyl 
nhydroxyphenylalanine pigment, yrosine ester 
yielded a reddish eclution ; this was treated with enzyme solution (20 ml.) and oxygenated , the ester- 
containing ted 


was then depos: 

Carboxyl-containing Pigment.—The ethyl tyrosine ester-melanin was centrifuged with other biological 
impurities, and the brown solid treated with aqueous tno more (20 ml.; 10%) and warmed 
on a water-bath for 30 The t os wap eaetena was observed and 


then acidified (10% hydrochloric acid). The free acid was eee ved in 2% sodium 


hydrogen carbonate tion, filtered, ne and re-acidified 


proces was repeated twice, and 
it well washed with distilled water (Found C, 51-9, 62-5; H, 


2, 5-8; N, 93, 0-4%) 
ine hydrogen peroxide bleached the pigment and reduction with Raney nickel alloy in sodium 
hydroxide solution gave a pale brown solution similar to that obtained from On treatment 
with tyrosinase, the acid yields a brownish-black pigment sparingly s% —— in 2 sodium hydrogen 
carbonate solution. After reprecipitation from the latter it is hydrogen 
carbonate, but soluble in sodium hydroxide (Found C, 3-0, 49-8; H, 6-4, N, 10-86%) 
2 : 3-Dihydroryphe —2: 3-Dihydroxyphenylalanine on treatment with tyrosinase 
formed a black pigment. Its properties were similar to those of tyrosine-melanin, except that it was 
poy yr in cold N-potassium hydroxide. Purification was effected by using the autoxidation procedure 
en geenbetien as described for the carboxyl-c t. w-Potassium hydroxide was 
instead of hydrogen carbonate solution (Found C, 60-7, 50-2; H, 4-9, 6-4: #1, 84%). 

A drenalin-melanin.—-Adrenalin (20 mg.), water (40 ml. me solution (2 mi.), and 
24 hours. The brownish pigment ited was 
centrifuged off and purified as above. in cell. hydroxide. was 
Pore the Pre: of Ketonic R. A mixture of ! 

elanin Formation in sence eagents. — ure (0- 
mi.) and enzyme solution (10 mi.) was oxygenated until the deep- 
hours). The solution was acidified (10% aceti¢ acid; ml} and boiled. The 

ucts were filtered off, and the colow filtrate (stable in acid solution) was conned with a solution of 

addition 4-Dinitrophen ylhydrazine 
separate portions of the acid solution. 


he 
as 
46; H, 76% 
ropwise w 
Determination of Spectra —All the absorption spectra were observed by use of the Hilger Medium 
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363. The Kinetics of the Decomposition of Nickel Formate. 
By L. L. Brecumsnaw and Joseru Epwaxps. 


Accurate analysis of the gases evolved when anhydrous nickel formate is heated im vacuo at 
165— 180" indicates that the reaction ts represented mainly by the equation - 


2(H-CO,), Ni ——> 2Ni + 3CO, + CO + H, + H,O 
The rate of the thermal decomposition of this salt has been investigated in this temperature 


gaseous products to accumulate, (3) preluminary grinding of ) mixing the salt with the 
solid residue, and (5) interrupting reaction. 


The decom tion follows the Prout-T ins relationship, log (f/f, — p) = At + 
constant, if the ealt is * ead.” The solid sualaes canines the reaction, and the the gaseous 


ucts have a considera’ Water vapour is particularly ~~ ye in this 
to induction period and the initial stages of the reaction. 


In spite of the importance of nickel formate as a source of active nickel for use in a number of 
catalytic processes, little appears to be known of the manner in which it decomposes. Caujolle 
(Compt. rend., 1930, 204, 445) heated its dihydrate in a vacuum, raising the temperature gradually 
to 300°. The gaseous products evolved were collected in two fractions between 100° and 200° and 
200° and 300° and analysed separately. The greater part of the gas was evolved between 200° 
and 300° but the compositions of both fractions were similar. The residue was entirely metallic 
nickel and a certain amount of methane appeared if the decomposition was carried out at 
higher temperatures. Balandin, Gregorian, and Janischeva (J. Gen. Chem. Russia, 1940, 10, 
1031) from a study of the decomposition between 215° and 270° considered that the two reactions 


..... 


proceed simultaneously until 40-50% has decomposed, after which only reaction (a) persists. 
The decomposition was carried out in air, in nitrogen, and in oil. The nickel residue obtained 
in air or nitrogen was almost completely catalytically inactive, but that obtained in oil was 
extremely active. If the gaseous products were left in contact with the residue a slow contraction 
(about 5%) took place, owing to the catalytic formation of methane from the carbon monoxide 
and hydrogen. Dobytshin and Zelmskaja (Bull. Inst. Chem. Phys., 1938; but see also 
Roginsky, Trans. Faraday Soc., 1938, 94, 059) believed the decomposition to proceed according 
to equation (a). Unfortunately, we do not know the exact conditions under which their 
experiments were carried out, as their paper could not be obtained. Clearly, the course of the 
thermal decomposition of nickel formate had to be clarified as an essential preliminary to any 
work on the kinetics. 

Analyses of the gases produced at four different temperatures (105—180°) were carried out. 
The effect of varying the rate at which gas is pumped off from the decomposing solid was 
investigated—also that of leaving the gas in contact with the solid residue for varying periods of 
time. Since even the most rapid rate of pumping with a Toepler pump does not compare with 
that of the pumping unit in the kinetics experiments the effect of removing carbon dioxide and 
water by means of a liquid-oxygen trap while pumping (with the Toepler pump) as quickly as 
possible was also tested. The weight and appearance of the residue were noted in each 
experiment. 

EXPERIMENTAL, 

As nickel formate dihydrate fo almost equally soluble in hot and in cold water, it was necessary to 
obtain the substance by careful evaporation of a solution. “ AnalaR a 
added, in small portions, to a solution (500 ml.) containing an excess of formic acid (if formic 
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acid is not present a formo-carbonate may be produced). The resulting solution was filtered and then 
slowly to about one-third of its bull After the mixture had been cooled and kept overnight 
the dihydrate was very fine gree 
to consist of very small 
Found "Cale. “for Ni, 31-98%) was the 


The gases shown (Fig. 1), which was 
experiments. A tube ensures that salt is alwa Seen 

position relatively to the enemies The formate was introduced — 
and a glass rod attached to a tube containing a small piece of iron (C). The enlarged view of 
tion : a platinum wire attached to Pm 


the 
a wire collar a to withdraw it means of the 


The gas collected over the Toepler pump was analysed 
In the few experiments in which the ects ware allowed 
was increased by attaching bulbs of sizes to the 


Fis. 1. 


important to discover precise effect of variations of temperature, rate mping, etc., 
thorough investigation was carried out . 


Decom: composition was carried out at the four temperatures used in the kinetical , viz, 
165°, 170,° 175°, and 180°. With a “ normal” rate of pumping—one stroke of the Toepler 
pump per minute—the compositions of the gases at the four temperatures were compared. Then 
at 180° experiments were made to test the effect of pumping at two strokes per minute. Since 
this rate of removal of the product gases did not compare with that in the kinetical experiments, 
a run was performed with liquid oxygen around the trap E instead of solid carbon dioxide and 
alcohol. This, of course, removed the carbon dioxide as well as the water. When decomposition 
was complete the liquid oxygen was replaced by carbon dioxide—alcohol, the remaining gas was 
pumped off, and the total gas analysed. 

The effect of leaving the gases produced in contact with the nickel residue was next investig- 
ated. Since the volume of the apparatus was comparatively small, the final pressure attained 
was considerable, and any reaction caused catalytically by the nickel should certainly be 
apparent. Todecide whether the reaction is the same over the whole course of the decomposition, 
the gases produced in one run were collected in fractions corresponding roughly to the first and 
the second half of the decom 

The most important point emerging from these experiments is that the variations in composi- 
tion of the gases under the different conditions are very small indeed. No methane was detecied 
in any of the samples but this is not surprising in view of the low temperature. 


—— attain a constant temperature. The water formed is condensed in E, surrounded by solid 
trap, a two-stage mercury- pump, a Cenco mp. -oxygen trap 1 is included 
the whole apparatus is male of wide-bore Pyrex tablag to ensure rapid evacuation. The rate of 
decomposition is measured by cutting off the pumps (i.¢., closing tap G) at fixed intervals, allowing the 
in an Am 
to accumulate volume of apparatus 
the decomposition tube. 
F 
Aud 
( A 
it became 
and a more 
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The mean result (excluding those of the incomplete accumulated-pressure run and the 


-mol. 


toa {it (Mean wt. of residue 0-0128 g.) 
19-9 (20-0) 110 a 
11-95 (12-12) 100-0 (100-0) 55-2 (56-0) 


If the two processes (a) and (6) (p. 1800) play an equal part in the reaction the theoretical 
values should be those shown in parentheses above The conclusion can be drawn that nickel 
formate decomposes at 165-—180° according to the reaction 2(H-CO,),Ni —-> 2Ni + 3CO, + 
CO + H, + H,O, and that variation in the rate of removal of the gas from the salt or leaving 
the product gases in contact with the residual nickel has little effect. 

The Kinetics of the Decomposition._The current in the furnace winding was increased for a 
minute or two before introduction of the salt into the furnace. After a little practice it was 
possible, in this way, to raise the salt to the temperature required in a very short time. In all 
experiments the same amount of salt (40 mg. of the dihydrate) was used. Before an experiment 
was begun, the apparatus was evacuated for one hour and tested for leaks. As the tube was 
pushed into the furnace by means of a magnet a stop-watch was started. At intervals of 5 
minutes (or 24 minutes where the rate was changing very rapidly) the pumps were cut off and 


Fie. 2. 
30-Sec. rise im pressure for unspread formate. 
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the pressure inside the apparatus was allowed to rise for 30 seconds. The pressure was then 
read on a McLeod gauge. This pressure is a measure of the rate at which the decomposition is 
proceeding, the actual value depending of course on the volume of the apparatus and the amount 
of salt taken. Twice this value was taken as dp/dé, the pressure rise in unit time (1 minute). 

In the runs with the “ unspread “ formate the salt was shaken into a small heap at the end 
of the tube but was not allowed to block the whole width of the tube. _ Lf it did so, it tended to be 
blown along the tube as the decomposition proceeded. The best method for the 
dehydration was beating in air at 130—135", and this method was adopted for all the work. 

Typical rate-time curves are shown in Fig. 2. In every case there is an induction period 
which is greater at the lower temperatures. The maximum rate is about 0°46 (in these arbitrary 
units) after 50 minutes at 180° and 0-125 after 155 minutes at 165°. The curves are typical of a 
number of solid decompositions in which the rate, after an induction period, accelerates to a 
maximum and finally falls to zero. The curve in this case is not symmetrical, the rise to the 
maximum being steeper than the fall to zero. 

The total pressure at any time, i.¢., the pressure which would have been obtained had the 
pumps been permanently cut out and the pressure allowed to rise, is proportional to the amount 
of nickel formate decomposed and can be evaluated by square counting: the area enclosed by 
the curve and the time axis represents the amount of decomposition which has taken place and 
is proportional to the total pressure at that time. It is possible, of course, to make direct 
measurements of p and this was done later. The present method, however, eliminates the 
retarding effect (if any) of increasing pressure of product gases. Two of the rate-time curves at 
each of the four temperatures were plotted and integrated by the method of square counting, 
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so that the values of p at each interval were obtained. The pressure-time curves plotted in 
Fig. 3 have the well-known sigmoid shape. At all four temperatures the maximum rate occurs 
when the decomposition is about one-third completed. 

With the values for dp /dt and the corresponding values for p at the various temperatures we 
can test the applicability of various equations which have been put forward to account for the 
course of solid decompositions. We have first 


ap jdt = 

the body of the decomposing solid. Garner has shown that the maximum value of m should be 


30. Equation (2) involves the assumptions of the simple interface theory. In addition we 
have the well-known equations derived from the branching theory - 


In dp/dt = 4g + constant... 


always exceeds 3-0, it appears that the simple interface theory does not apply in the normal 
decom position. 


Fie. 3. 
Total pres: ure—time curves by integration of rate—time curves for unspread formate. 
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It is often found in solid decompositions which occur with evolution of a gas that the pressure 
increases exponentially with time. The decomposition of anhydrous nickel formate is no 
exception. As can be seen from Fig. 4, equation (3) is obeyed practically up to the time of 
maximum rate. The values of the constants A, are : 


170° 175° 180° 

0-107 0-162 0-208 
The branching-chain equation (4) has been found to apply in many cases where the exponential 
equation holds. Plotting log dp/dé against ¢ gives straight lines for the initial part of the de- 


170° 175° 180° 
0-128 0-169 0-265 


It should be noted that equations (3) and (4) are, except for the integration constant, 
identical, i.¢., 4, should be equal to Ay. 
The final stages of the decomposition do not follow a first-order law 
= (ty — — Pri (Pr — Pr) 
where f, is the total final pressure. 


In work on the thermal decomposition of potassium permanganate (Trans. Faraday 
Soe., 
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could be expressed by the equation log p/(p, — p) = At + constant, where & has two different 
values before and after the time of maximum rate. This has been found to apply in a number 
of other decompositions and has been tested with the present results. The agreement with the 
equation is only moderate. The graphs are continuous curves which only approximate to 
Pia. 4. 
log p-t for unepread formate. 


Fis. 5. 
Total pressure-time for unspread formate. 


4 


straight lines. In other decompositions, for which this relation holds approximately, a departure 
often occurs towards the end of the decomposition. In this case the departure is particularly 
marked and the values appear to lie in a third straight line. It is pointless to speculate on the 
cause of this and, as will be seen later, the effect disappears when the salt is spread. The 


Fic. 6. 
Total pressure-time curves by direct measurement— Apparatus 11, unspread formate. 
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intersection of the lines corresponding to the acceleration and the decay of the reaction is seen in 
each case to occur slightly before the time of maximum rate. 

The Effect of Allowing the Products of Decomposition to Accumulate in the Apparatus.—This 
effect has been studigd by making a number of experiments in which the pumps were cut off 
permanently and the pressure allowed to rise in the apparatus. It was advisable to retain the 
same quantity of material and hence to ensure that the pressures developed could be measured 
on the McLeod gauge the volume of the apparatus had to be increased. This was done in the 
first case (apparatus 1) by attaching a 1-litre bulb, through a tap and Quickfit joint, to the end of 
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the decomposition tube. The ratio of the volumes, with and without the bulb, was measured by 
allowing a little air to enter the evacuated apparatus and reading the pressure. The tap con- 
necting with the bulb was then opened and the pressure read again. The ratio of the former to 
the latter pressure gave the conversion factor. A plot of the results obtained, corrected for the 
volume increase at 130°, is seen in Fig. 5. It will be noticed that the pressure produced has a 
strong retarding effect on the reaction, so much so that the complete decomposition even at 180° 
takes more than 4 hours. Experiments were also made on an apparatus with a volume further 
increased. Six 1-litre bulbs were added in this case, and experiments were made at 180°, 175°, 
and 170°. 

The results are shown graphically in Fig. 6. It will be noticed in Fig. 5 that there is a differ- 
ence in final pressure between apparatus I (28-12 mm.), apparatus II (28°50 mm.) and the 
integrated rate curve (33°13 mm.). This is due to the presence of water vapour in the products 
of decomposition. The magnitude of the difference indicates that even when a carbon dioxide- 
alcohol trap is included in the system the rate of condensation of water is much slower than its 
rate of production, so that part of the pressure recorded is due to some water vapour, The 
final pressure reading in the direct p-¢ measurement does not of course include any water 
vapour. According to the equation deduced for the reactions, the volume of water vapour 


Fis, 7. 
30-Sec. rise im pressure for spread formate. 
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should be one-fifth of the sum of the other gases, and the difference in the final pressure (inte- 
grated) is about one-sixth of the “ accumulated " pressures (no water). Thus it appears that in 
the 30 seconds only a small fraction of the water vapour is condensed in the trap. If we make 
the highly probable assumption that the rate of condensation at any moment is proportional to 
the pressure of water vapour present (during the 30-second intervals), at least over the range 
investigated, then the integrated p’s are still proportional to the actual rate of decomposition of 
the nickel formate. The rates of production of water vapour are widely different at the different 
temperatures, yet the fractional differences between final pressures (integrated and 
“ accumulated "’ pressures) remain sensibly the same. 

Effect of Spreading the Nickel Formate.—-In connection with the work described in the last 
section (direct total pressure measurements) it was decided to make experiments, in the same 
apparatus, with smaller quantities of formate. In an exploratory run, however, small 
decomposed much more rapidly than larger quantities, This raised the question of the effect of 

on the rate of decomposition, since the increase in rate with smaller quantities may be 
due to the diminished resistance offered to the escape of gases by the solid product. The rate of 
decomposition of the spread salt was, in fact, found to be considerably greater than that of the 
unspread. The rates were therefore investigated at the four temperatures, the formate being 
spread out along the whole length (about 4 cm.) of the small tube. The rate-time curves are 
given in Fig. 7. The increase in maximum rate over the unspread salt varies between 50 and 
The total pressures were evaluated by graphical 
integration and curves for the four temperatures are shown in Fig. 8. 
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not apply. Both the exponential and the branching-chain equations hold over the first part of 

the decompositions (Fig. 9). The constants 4, and 4, are given below, agreement being 
t. 


pressure—tome curves by integration of rate-time curves for spread formate. 
as 
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log p-t for spread formate. Fis. 10. 


>=" for spread formate B. 


20 400 «6600 0120 
Time, mins. 


Very good agreement is also obtained with the Prout-Tompkins equation. Two straight 
lines account for the whole course of the reaction at all temperatures (see Fig. 10), The 
intersection of these lines is still, however, as with the unspread salt, before the time of maximum 
rate. The mean constants A, and A, are : 
175° 180° 
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A, 0-173 0-2215 
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The plot of log & in each case against 1/T is shown in Fig. 11, and E calculated from the four 
slopes is: A, 22,900, A, 20,100, &, 23,800, and A, 24,100 cals. (mean 22,700). This may be 
compared with the value (26,400 cals.) for E for the unspread salt. 

The Effect of Grinding the Formate before 


Grinding 
pestle and mortar under carefully dried carbon tetrachloride (1) before dehydration and (2) 
after dehydration, and also (3) one sample of the salt was treated with carbon tetrachloride 
without grinding. In no case was any noticeable effect on the rate observed, nor was the 
induction period removed. 


Fie. 11. 
log k-1/T for spread formate. 
is 


The Effect of the Nickel Residue on the Decomposition.—In a number of solid decompositions, 
the reaction, after the time of maximum rate, follows a first-order law. In others, however 


the solid product catalyses the reaction. In their study of the decomposition of potassium 

te Prout and Tompkins assume this to be so when deriving their equation. Since 
the Prout-Tompkins equation holds for the decomposition of the present substance, it seemed 
likely that the nickel residue was capable of catalysing the reaction. Direct observation of 
partially decomposed material in which decomposition was seen to have occurred in patches 
confirmed this. 


Direct experiment with the usual quantity of dehydrated salt mixed with the entire residue 
from a previous run showed that the decomposition followed a normal course for about 20 
minutes and then suddenly accelerated, a maximum rate higher than that of a normal 
run. The rate then dropped rapidly but the final stages of the decomposition appeared to be 
slower than usual. The induction period remained practically However, the 
mixing may be uneven, and simple contact may not be sufficient for pronounced catalysis; also 
the bulk of the material is almost doubled, so it is difficult to compare the extent to which the 


almost eliminates any induction period (by increasing the rate of nucleation). The particle 
size of anhydrous nickel formate is already very small, and it seemed possible that the rate of 
decomposition would not be greatly altered by grinding. This was tested experimentally. 
Ordinary dry grinding was found to be most unsatisfactory. The formate was compressed into 
Fro. 12. 
Interrupted runs, unspread formate at 175". 
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formate itself is spread, and the gases produced must escape through a solid layer containing a 
higher proportion of residue. 

Interruption of the Reaction. —It was obviously valueless to interrupt the reaction at a point 
where the rate was changing rapidly, so the decomposing salt was in each case withdrawn from 
the furnace as nearly as possible at the time of maximum rate. The solid was allowed to cool 
in a high vacuum or in air for various times. In view of the influence of water vapour on the 
induction period (see next section) experiments were also made in which the solid was allowed to 
cool in (1) dry air and (2) water vapour. In the latter case, after withdrawal of the solid, the 
pumps were cut off and the liquid oxygen was removed from a trap in the system which contained 
« little water, Before continuing the decomposition, of course, the apparatus was completely 
evacuated. All the experiments were made at 175° and results are given in Figs. 12 13 and 14. 


Fro. 13. Fis. 4. 
Interrupted runs, wnspread formate at 175". Interrupted runs, unspread formate at 175°. 


L 


4 Wo 10 40 WW 140 160 


mae. Time,mins. 

They fall into two groups : (1) those with cooling in a high vacuum, and (2) the remainder. In 
the first, the reaction continues immediately after the interruption, as before, if we allow for the 
short time it takes the sample to become heated. The maximum rate attained after interruption 
is slightly higher than usual. This is probably due to a slight spreading due to moving the tube 
in and out of the furnace. In the other four experiments there is an induction period of about 
ten minutes before the reaction begins again. The rate then rises rapidly to the maximum— 
more rapidly than before, since in this case the sample will, during the induction period, have 
attained the temperature of the furnace. The maximum attained is the same as the original 
maximum, 

The temporary inhibition of the reaction in the presence of adsorbed water vapour is 
important. Apparently, the interface is completely poisoned by adsorbed gas and the reaction 
can only proceed when the gas has been removed. There is a possibility that the effect is pro- 
duced by water vapour; under the conditions of the experiment, the dried air might contain a 
trace of water vapour, enough to inhibit the decomposition. 

The Induction Period..The induction period becomes shorter with rise of temperature. The 
values of f, the induction period, and log 1/4, for the various temperatures are given below : 


165° 170° 173° 180° 
52:5 35 25 
2-280 2.456 2-602 
45 » 20 
2-347 3-532 2-699 
The values are plotted along with the corresponding values of 4,—probably the most reliable 
of the rate constants. The points lie quite close to a straight line in each case, and it will be seen 


that the slope and therefore the activation energy of the induction process is of the same order as 
that of the decomposition itself (Pig. 15). 
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Some experiments were made to test the effect of interrupting the induction period. 
Samples of unspread formate were heated im vacuo at 165° for 60 minutes, withdrawn from the 
furnace, allowed to cool for a time, and then returned to the furnace, and the length of the 
induction period was measured. This period was found to depend on the conditions of cooling : 


5 


These results appear to show that whatever occurs during the induction period 
through an interruption if it takes place in the absence of water vapour. When the 
present, however, the complete induction period is re- 


stored. Small amounts of water vapour are undoubtedly Pos. 36. 

responsible for the slight increase of f, in (3) and (8). fog Aft, — 1/7. 
It might seem that the induction period is simply a 

period of desiccation necessary before any decomposition — Unapread 


can take place. It must be remembered, however, that 
water is one of the products of the decomposition and 
hence complete desiccation at a temperature at which 
decomposition can take place is not possible. Further, 
the length of time a sample is left in the drying oven (at 
130°) or in the evacuated apparatus (at room temper- 
atures) before decomposition has no effect on fy. Hence, 
the induction period is not the consequence of water 
originally present in the salt. It is probable that decom- 
position begins as soon as a sample is introduced into the 
furnace. Acceleration is slow since the nuclei are small 
and because gaseous products (probably water is the most 
important) tend to depress the rate of reaction. If the 
products are removed more quickly the acceleration is 
increased. Thus spreading reduces /, a little, and the 
addition of a layer of residue increases it. At time 4 the rate of decomposition becomes 
measurable, and shortly afterwards a rapid acceleration occurs, presumably when the nuclei 
reach a certain size. Since cooling in water vapour restores the full induction period, it must 
be assumed that a sufficient concentration of water is able to poison completely those nuclei 
which have already begun to grow. 
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Scholarship. 
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364. The Relative Reactivity of Aromatic Double Bonds, Part Ill, 
The Relation between Double-bond Character and the Velocity of 
Addition of Osmium Tetroxide. 


the 3: Chand af py 2-benzacridine. 


It has often been assumed that the reactivity of a double bond as exemplified by the velocity of 
an addition reaction is directly related to its double-bond character, or bond order. However, 
Gold (Trans. Faraday Soc., 1949, 45, 191) has recently pointed out that as the order of a bond is 
essentially a “ static” property, it cannot provide an index of “ dynamic” double-bond 


(1) (2) (3) (4) (5) 
Conditions of cooling EES hours, 24 hours, lhour, 24 hours, 
4, after interruption 25 25 35 
(6) (7) (8) (9) 
Conditions of cooling ............... 1 hour, 24 hours, 1 hour, 5 hours, 
4, after interruption 40 
persists 
latter is 
By G. Bapoer. 
The relati bet the double-bond ch ter, or order of a bond, and the of 
relation between uv aracter, or order of a a velocity pe 
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character. This is, of course, strictly true; but the present paper attempts to show that the 
errot in making this assumption ts, in suitable cases, not 

The double-bond character, or the order of a bond, has been variously defined (see 
for example, Pauling, Brockway, and Beach, J. Amer. Chem. Soc., 1935, 57, 2705; Penney, 
Proce. Roy. Soe., 1937, A, 158, 318; Coulson, sdid., 1939, 169, 413; Pullman, Ann. Chim., 1947, 
3.5; Daadel and Daudel, /. Chem. Physics, 1948, 16, 630; Walsh, Trans. Faraday Soc., 1946, 
42, 779) and although it is essentially a theoretical concept, its physical reality has been well 
established by a study of bond-length variations (¢.g., Wheland, ‘ Theory of Kesonance,” John 
Wiley and Sons, New York; Robertson, Acta Cryst., 1948, 1,101). On the other hand, although 
&@ general agreement between the results of the different methods has frequently been claimed 
(Coulson, Daudel, and Daudel, Rew. Ses., 1047, 85, 29; Buu-Hoi ef al., idid., p. 1041) all the 
methods are admittedly approximate, and in any particular series of bonds, wide variations in 
the relative magnitudes of the orders may be obtained by several methods. 

This may be readily appreciated by a comparison of the orders obtained by different methods 
for a comparable bond in a series of closely related hydrocarbons. A suitable series would seem 
to be the C-C-bond in benzene (1), the 1: 2-bond in naphthalene (II), and the 1: 2-bond in 
anthracene (III). The calculated double-bond characters and bond orders for these three bonds 
are given in Table I. L{ the bond order as calculated by the molecular-orbital method is accepted 
as @ satisfactory index of double-bond character, the relative magnitude in this series of bonds 

(ih) (mh) av) (VI) 
is: 1:2-bond of anthracene > 1: 2-bond of naphthalene > C-C-bond of benzenz. The same 
order of relative by Pauling’s method involving resonance between all 
~ the possible Kekulé structures. If, however, one assumes that the total charge of « electrons on 
the bond and its terminal carbon atoms provides a satisfactory index of double-bond character 
(as was done by Pullman, Joc. o#.), then the order of relative magnitude becomes: | : 2-bond of 
naphthalene > |: 2-bond of anthracene > C-C-bond of benzene. Again, if one accepts the 
bond order as determined by the method of Daudel and Daudel, the order of relative magnitude 
becomes: 1: 2-bond of naphthalene > C-C-bond of benzene > 1: 2-bond of anthracene. 
Similarly, a comparison of the relative magnitudes of the double-bond characters of the 
9: 10-bond in phenanthrene (IV), the 3 ; 4-bond in 1 : 2-benzanthracene (V), and the 1 : 2-bond 
in 3: 4-benzphenanthrene (V1) also reveals gross irregularities. The molecular-orbital method 


Taste I. 


Comparison of double-bond characters and bond orders for a comparable bond in a series of 
closely related hydrocarbons.* 
Double-bond characters and bond orders. 
Pauling Pullman (6) (Total Pullman— Coulson 

Compound Bond ; charge # electrons). Daudel (c). (d). 
Hensene ...... 107% 

Naphthalene . 

Anthracene .... 1-250 

Phenanthrene 1-291 

1. 2-Renzanthracene 1-283 

3: 4-Benzphenanthrene . 1-293 


* Double-bond character by summation of Kekulé structures (Pauling, ‘' Nature of the Chemical 
Bond," Cornell University Press, 2nd edn., 1940). * Total charge of @ clectrons. Sum of the “ charge 
de liaison’ and the two “ indices de valence libre (Pullman, Ann. Chim., 1947, 5). * Bond order, 
by the valence-bond method (Pullman, dwn. Chim., 1947,8,5; Daudel and Daudel, /. Chem. Physics, 

8. 16. 639). * Bond order by the molecular-orbital method (Coulson and Longuet-Higgins, Rev. 
Set., 1047, 85, 029; Berthier, Coulson, Greenwood, and Pullman, Compt. rend., 1948, 2286, 1906). 


* The various definitions of bond order, douwble-bond character, etc., are all basically different, 
and it is not to be expected that the different methods will give numerically equal values for any 
ven bond It is reasonable to expect, however, that all the methods will agree whether a given 
md “ A’ is more like a double bond than another bond “ B", or esce versa. As all the various 
methods are based on different approximations, this is not always the case, as the table indicates. 
= definitions and the approximations used in the various methods are given in the references 
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places these three bonds in the series: 3:4-bond of benzanthracene > 9: 10-bond of 
phenanthrene > 1: 2-bond of benzph threne. Pullman's total-charge method, on the 
other hand, places the series in the reverse order. 

That there is, in most cases, a qualitative relation between double-bond character, or bond 
order, and the velocity of an addition reaction can hardly be doubted. It is well known, for 
example, or in close proximity to the 
when electron-attracting groups are present, the 
reaction is retarded (Swern, /. Amer. Chem. Soc., 1947, 69, 1692; Béeseken and Stuurman, 
Rec. Trav. chim., 1937, 56, 1034; 1949, 3, 126). It is noteworthy 
that the rate of addition of osmium tetroxide to the dinaphthylethylenes is also consistent with 
the view that the greater the double-bond character (or density of = electrons), the more rapid 
the reaction (Badger, Nature, 1950, 165, 647; cf. Chalvet and Daudel, Compt. rend., 1949, 229, 
54). 

In discussing the addition of ozone to aromatic double bonds however, Kooyman and Ketelaar 
(Rec. Trav. chim., 1946, 65, 859) pointed out that before the addition can be completed, the bond 
in question has to be converted into a “ pure" double bond. More precisely, two x electrons 
have to be “ localised."’ The initial degree of localisation is of great importance, as is evident 
from the fact that ozone always adds first to the bond having the greatest double-bond character, 
but it is conceivable that the polarisability will also be of significance, and that in certain cases 
it is of pre-eminent importance. This may be illustrated by reference to ethylene and its 
phenyl derivatives, for, as is well known, the phenyl group can act as an electron-donor or 
as an electron-acceptor, depending on the conditions. The rates of addition of halogens to 
ethylene and its phenyl derivatives decrease in the order, styrene > ethylene > stilbene, 
although the bond orders of the reactive bonds decrease in the order ethylene > 
styrene > stilbene. Furthermore, the rate of oxidation with peracetic acid decreases in the 
order styrene > stilbene > ethylene (Swern, Joc. cit.; De la Mare, Joc. cit.; Buu-Hoi ef ai., 
loc. cit.). 

Waters (/., 1948, 727; see also Wheland, /. Amer. Chem. Soc., 1942, 64, 900) has maintained 
that the correct method of assessing the reactivity at the various positions of an aromatic 
molecule is to estimate the energy difference between the normal state and the “ quinonoid ” 
transition state, and not merely to evaluate local electron densities. He points out that the 
oxidation-reduction potentials of the corresponding quinones can be used as indices of this 
energy difference, and it would seem therefore that the problem of the relationship between 
bond order and the “ reactivity ’ ‘may be approached indirectly through the oxidation-reduction 
potentials of the corresponding o-quinones. Indeed, following a study of the oxidation- 
reduction potentials of a number of o- and p-quinones derived from polycyclic aromatic hydro- 
carbons, Clar (Ber., 1940, 78, 104; “ Aromatische Kohlenwasserstoffe,” Berlin, 1941) pointed 
out that the quinones corresponding to the very reactive hydrocarbons have very little reactivity, 
and vice versa. The series: benzene, naphthalene, anthracene, naphthacene, and pentacene, is 
characterised by a very marked and progressive increase in “‘ reactivity " and in the tendency to 
undergo addition rather than substitution reactions as the number of aromatic rings increases. 
The series of p-quinones: p-benzoquinone, « hth me, anthraquinone, naphthacene- 
quinone, and pent: i _ on the other hand, is characterised by an equally marked and 
progressive ve decrease in reactivity as the series is ascended. p-Benzoquinone has a potential of 
71 volt, a-naphthaquinone of 0°48 volt, and anthraquinone, of 0°15 volt. Naphthacene- 
quinone is less reactive still. It forms a vat (i.¢. an alkaline solution of the quinol) only with 
difficulty, whilst pentac i does not form a vat. 

Some years previously, Fieser and Price (J. Amer. Chem. Soc., 1936, 58, 1838) called attention 
to the very great similarity between the addition of bromine to the 9 : 10-bond of phenanthrene, 
and the oxidation of 1. The substituents in the 2- and the 3-position of 
phenanthrene which were found to decrease the free energy of bromine addition (retard the 
reaction) are precisely those which were earlier (Fieser and Fieser, J. Amer. Chem. Soc., 1935, 
57, 491) found to decrease the free energy of oxidation of quinols (increase the potential). 
Similarly, the substituents which increased the free energy of bromine addition also increased 
the free energy of oxidation of quinols. The free-energy change in the bromine addition was 
found to be much less than that in the oxidation, but Fieser and Price found that a 
given substituent has nearly the same proportionate influence in each case. It may be concluded, 
therefore, that there is a reasonably good correlation between the velocity of an addition to a 
suitable aromatic double bond, and the magnitude of the oxidati duction potential of the 
corresponding quinone. Clar’s treatment, for example, predicts the 3: 4-bond of 1: 2-benz- 
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anthracene (V) to be more “ reactive " than the 9 : 10-bond of phenanthrene (IV), and this has 
been confirmed experimentally for the addition of osmium tetroxide (Badger and Reed, Nature, 
1948, 161, 238). That there is a similar correlation between bond order and the oxidation— 
reduction potential of the corresponding o-quinone does not seem to have been noted previously. 
In Fig. } the bond orders of a series of aromatic bonds, as determined by the molecular-orbital 
method (Coulson and Longuet-Higgins, Rev. Sei, 1947, 85, 3280; Berthier, Coulson, Greenwood, 
and Pullman, Compt. rend., 1948, 226, 1906; Baldock, Berthier, and Pullman, ibid., 1949, 228, 
931) are plotted against the “ corrected ” oxidation—reduction potentials (Branch and Calvin, 
“ The Theory of Organic Chemistry,"’ Prentice-Hall, Inc., New York, 1941) of the corresponding 
e-quinones. The distribution of the points indicates a very satisiactory degree of correlation 
between bond order and oxidation-reduction potential. It may also be reported that there is 
a fair degree of correlation between the oxidation-reduction potentials of a series of p-quinones 
and the sum of the two indices of free-valence (molecular-orbital method) for the corresponding 
positions in the related hydrocarbons. 


Fre. 1. 
Relationship between bond onder (molecular-orbital 

me ) and corrected omdahon reduction Fic. 2. 
Potential of the corvesponding o-quimone Ubra-crolet absorption spectra, 


ve 


3300 
Wave - length, A. 
Fig, 2. 2-benzacridine, Mavima at 2440 (loge 4-26), 2710 (471), 27 

(4.85 10 (4-80), 3400 (3-04), 3660 (4-01), 3860 (3-95) 
3: T-dimethyl-3 4-dikydro-1 2-benzacridine. Maxima at 2700 
(4-67), 31.50 (3-06) 3310 (4-02). 


Osmium tetroxide is the most satisfactory reagent for the determination of the relative 
reactivity of aromatic double bonds, for it reacts only with double bonds and does not attack 
reactive centres, as do most other electrophilic reagents. This reagent has already been used 
(Badger, /., 1949, 456) to study the relative reactivity of the 3: 4-bond in a series of cancer- 
producing compounds related to | : 2-benzanthracene, and this series has now been extended by 
the inclusion of 3-methyl- and 9 methyl-1 : 2-benzanthracene. The rate of addition of osmium 
tetroxide to 5) 7-dimethyl-1 : 2-benzacridine (VII) has also been determined. These alkyl 
benzanthracenes provide a series of closely related compounds in which there is, almost certainly, 
very little difference in polarisability. For this reason these compounds would seem to provide a 
suitable series for an examination of the degree of correlation between double-bond character 
and the velocity of an addition reaction. 

Several attempts to assess the changes in double-bond character, or density of n electrons, 
with the introduction of methyl substituents into benzanthracene have now been published 
(Table 11). In order to examine the relation between the double-bond character of the 3 : 4-bond 
of benzanthracene and its methyl derivatives, and their cancer-producing potency, Pullman 
(Joe. ett.) caloulated the total charge of « electrons on this bond for an extensive series of 
derivatives. The method was admittedly very approximate, but in spite of this there is a 
remarkably good agreement between the rate of addition and the total charge. The only serious 
discrepancy is with &methyl-1 : 2-benzanthracene, which reacts more rapidly than expected, 
Daudel and Martin (see Daudel, Bull. du Cancer, 1948, 35, 110) attempted to apply the valence- 
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Comparison of the velocities of addition of osmium tetroxide to the 3: 4-bond of substituted bens- 
anthracenes with calculated double-bond characters. 
Rate con- Total-charge Free-valence 


stant (4), electrons 


5: 6:9: 10-Tetramethy!- 


* See also Badger, /., 1949, 456. Phy Ann. Chim., 1947, * Dr. R. Daudel, private 
communication ; see Daudel, Bull. du Cancer, 1948, 35, 110. , ibid., p. 110. 


bond method rather more rigorously, and evaluated the bond orders and indices of free 
valence for a few selected compounds. Unfortunately, the valence-bond method seldom gives 
satisfactory results with substituted compounds, or with heterocyclic compounds, and several 
of the figures obtained would seem to be entirely unreasonable. For example, the calculated 
charge on the 3 : 4-bond of | ; 2-benzanthracene was found to be decreased by the substitution of 
a methyl group in the 10-position. Indeed, in assessing the degree of correlation between these 
latter figures and the carcinogenic activity, Daudel was forced to conclude: “ Il semble donc 

que l'accord entre la théorie et l’expérience soit moins bon dans le cas od l'évaluation des c 
est plus correcte.” However, by an alternative method, Daudel (Bull, du Cancer, 1948, 35, 110; 
see also Daudel and Martin, Bull. Soc. chim., 1948, 15, 559) determined the “ excess of charge ” 
on the 3; 4-positions produced by methyl! substituents, or by the introduction of an annular 
nitrogen atom, as in the benzacridines. This treatment would seem to give a reasonable 
indication of the increase in double-bond character produced by a methyi substituent, and there 
is a fair degree of correlation between the rate of addition of osmium tetroxide and the magnitude 
of the “ excess of charge."’ The case of 3-methyl-1 ; 2-benzanthracene is interesting as the rate 
of addition is almost the same as with 1 : 2-benzanthracene itself. It seems likely that steric 
hindrance is a factor here. The rate of addition of osmium tetroxide to 9-methyl-1 : 2-benz- 
anthracene was found to be comparable with that to the 10-methyl derivative, and more rapid 
than could be predicted by the “ excess of charge.” As was pointed out by Pullman (Compt. 
rend., 1947, 224, 1354) methyl groups in the meso-positions of this hydrocarbon are conjugated 
with the ring system to a much greater extent than methyl groups in other positions, and their 

effect on the 3 : 4-bond is therefore proportionately greater. 
It is also noteworthy that osmium tetroxide adds to 5: 7-dimethyl-1 : 2-benzacridine (VII) 
only slightly less rapidly than to the closely related 10-methyl-1 : 2-benzanthracene, and the 
degree of correlation between the velocity of the addition, and the “ excess 
7», of charge " is, in this case, quite good. 

“ The structure of the diols obtained by hydrolysis of the complexes of 
+. 42 OSmium tetroxide with various benzanthracenes has already been determined 
4 2 (Cook and Schoental, J., 1948, 170; Badger, J., 1949, 456, 2497). Hydrolysis 
(VIL) of the complex with 5; 7-dimethyl-1 : 2-benzacridine gave 3; 4-dihydroxy- 
5: 7-dimethyl-3 : 4-dihydro-1 : 2-benzacridine, The structure of this diol 
is confirmed by its ultra-violet absorption spectrum, which is similar to that expected for a 
derivative of phenyldimethylquinoline (Fig. 2). The ultra-violet absorpti 
5 : 7-dimethyl-1 : 2-benzacridine, on the other hand, resembles that of 1 : 2-b 


EXPERIMENTAL. 
Reaction Rates.— Determinations of the rates of reaction with osmium tetroxide were carried out as 


Substituted order charge on Cy) 
1 2-benzanthracene. (a. and Cy (@). 
1: 2-Benzanthracene ......... 0 
0-64 0-185 0-134 1-460 0013 
5: 6-Dimethyl- ................. 0-64 154 1476 0-029 
5: 7-Dimethyl- .................. 0-80 Olle 1-479 0-024 
2’: 7-Dimethyl- 0-83 0-035 
0-91 0-167 1-436 0-027 
0-96 1187 0-172 1456 0-016 
®: 27 0160 860-130 1-459 0-043 
previously described (Badger, Joc. cit.) 
3: 4-Dihydroxy-5 | 7-dimethyl-3 : 4-dihydro-1 : 2-benzacridine.—Hydrolysis of the osmium tetroxide 
5 7-dimethyl-1 2-benzacridine complex by Cook and Schoental’s method (loc. cit.) gave 
5 : 7-dimethyl-3 : 4-dihydro-1 : 2-bensacridime as beautiful colourless needles (from alcohol), m. p. p 


1814 Pausacker and Schubert: The Fischer Indole Synthesis. 


1 am indebted to Dr. Ng Ph. Bau-Hoi for a gift of 5 : 7-dimethyl-1 : 2-benzacridine, and to Mr. R. 5. 
Pearce for the absorption spectra. Microanalyses were carried out by Mr. R. Howard. 


Jounsow Laponatonigs, 
University OF ADELAIDE. [Recewed, February 15th, 1950.) 


365. The Fischer Indole Synthesis. Part IV. A Kinetic 
Investigation. 
By K. H. Pausacxer and (the late) C. Scnunerr. 


The cyclisation of a number of phenylhydrazones of cyclohexanone has been followed 
kinetically by determining the amount of ammonia liberated during the reaction. The reaction 
has been found to be of the first order when carried out in an excess of glacial acetic acid and 
of the second order when aqueous dioxan sulphuric acid is used. The rates for seven hydrazones 
in glacial acetic acid under identical conditions are compared, and a theory is advanced for 
the mechaniam of the reaction. 


ALTHOUGH many theories have been advanced for the mechanism of the Fischer indole synthesis 
(ef. Robinson and Robinson, J, 1918, 113, 639; 1924, 126, 827; Allen and Wilson, J. Amer. 
Chem. Soc., 1943, 66, 611; Carlin and Fisher, sbid., 1948, 70, 3421; Pausacker and Schubert, /., 
1949, 1384), there is no published account of a kinetic investigation of this reaction. 

If the reaction of the phenylhydrazone (I) of cyclohexanone be considered, it is seen that, 
besides the formation of tetrahydrocarbazole (11), one mole of an ammonium salt is formed 
simultaneously. It was found that this reaction could be followed quite easily when glacial 


A 


NH-N 


acetic acid or aqueous dioxan-sulphuric acid was used as a solvent. At definite time-intervals, 
an aliquot was poured into a large excess of water, in order to “ freeze " the reaction, and the 
organic matter was extracted with ether. The ammonium ion formed was then determined in 
a standard micro-Kjeldah! apparatus. 


EXPERIMENTAL. 


Reagents — AnalaR glacial acetic acid was refluxed (1 hour) with 1% wt.) of chromium trioxide and 
distilled in an all-glass apparatus protected from moisture. Redistillation gave a constant-boiling 
traction, free from ammonium ions. 

Thoxan was purified by refluxing it over sodium and distilling the product twice. 

The various hydrazones of cyclohexanone were prepared by condensing the hydrazine with 
hexanone and purified by crystallisation from an appropriate solvent immediately before use. ir 
m p sagreed with those inthe literature. cyclo/fexanone m-methoryphenylhydrazone could not be crystal- 
lised and was a viscous liquid, b. p. 165-—167°/0-4 mm. (Found: N, 13-2. C,,H,,ON, requires N, 12-8%) 
This distilled hydrazone did not contain any free ammonia of ammonium ion. 

Methods.—-(a) Glacial acetic acid as solvent. A weighed amount of the pure phenylhydrazone (ca. 1 ¢_) 
was placed in a 10-ml. standard flask immersed in the constant-temperature bath. After about 15 
minutes, pre-heated glacial acetic acid was added with shaking, to make the volume up to the mark 
After a further 5 minutes, the first aliquot was analysed, this being taken as zero time 

At definite intervals, |-ml. aliquots were withdrawn (by means of a standard pipette kept in a tube 
wnmersed in the bath) and run into cold water (10 ml.) contained in a separatory funnel he ahquot 
was extracted with ether (10 ml), and the ethereal extract washed (twice) with water (5 ml.) 
two combined aqueous solutions were placed in a micro-Kjeidah! apparatus, and sodium hydroxide 
solution (4 mil., 30%) added. The ammonia liberated was distilled into 10 ml. of 0-05x-hydrochloric 
acid. About 0 mi. of distillate were collected. The excess of hydrochloric acid was determined with 
0-05n-sodium hydroxide, methyl-red being used as indicator 

(>) Dalute sulphuric acid as solvent. cycloHexanone phenylhydrazone (ca. 2 g.) was weighed into a 
M-ml. standard flask immersed in the constant-temperature bath and dioxan-water (ca. 15 mil. 7. 3) 
was added. After ca. 15 minutes, concentrated sulphuric acid (1 mi.) was added with shaking, and the 
mixture made up to the mark with pre-heated dioxan-water. Aliquots (5 mi.) were withdrawn at 
determined times and run into cold water (10 ml.). This solution was then extracted with ether (25 ml.) 
and the ethereal extract washed twice with 5-ml. portions of water. Ammonium ion was determined in 
the usual manner 


NH 
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Results.—(a) Glacsal acetic acid as cyclising agent. The results of a typical run were : 


Wt. of cyclohexanone Thydrazone = 0-9990 g 10-65 ml. 0-0508x-HC! per aliquot. 
= ammonia formed formed expres eras of ml. of 


Temp. = 44-70" + 0.067, = jog, O88 


(sec.~*). 


14,574 
664 


613 


lisation of various hydrazones of cyclohexanone in 
. In each case, a 


19,866 
7-76 
613 


5-38 
6-23 


at 382°) (007% (by wt.) of quinol added} 
* The E values are accurate at least to 0-4 kcal 
obtained when the initial weight of the phenylhydrazone was approximately 


acid—dioxan-water as cyclising agent. Only the 
under these conditions. When of 


A, (mole 1.~* sec.~*). 


39-2° + 006° 1-75 (+ 0-03) x lo* Frequency factor « 3-6 x 10” 
£008" 3-48 (+ 0-07) E = 247 keals. 
when only 0-5 mole of ric acid (i.¢., of hydrazone was 
employed, the reaction stopped when 50% of hydrazone had been wood th indicates that the 


ammonium hydrogen sulphate thus formed is not an effective catalyst. 

In one experiment, the reaction was allowed to continue for 50 hours in order to ensure completion. A 
92% yield of tetrahydrocarbazole (m. p. and mixed m. p., 118°) was isolated after addition of excess of 
water to the solution. An ammoni ammonium-ion determination indicated 96% conversion. 


Discussion. 

The rate of the reaction is evidently dependent on the availability of (solvated) protons in the 
reaction mixture, as it is seen that the “4 "’ value increases from 6°18 x 10°* in glacial acetic 
acid to 7°68 x 10°* and 9:37 x 10°* when 6°3 and 16°0 moles % of water are added. As the rate 
is dependent both on the concentration of hydrazone and on the acid concentration when 
sulphuric acid—dioxan—water is used, it is evident that the rate-determining step is the reaction 
between the original, or rearranged, hydrazone and a solvated proton. 

Further evidence of the nature of the mechanism cannot be obtained as the values of E and 
A are too close to each other to allow any valid interpretation. In addition, it is found that 
Hammett's equation is not applicable. 

With regard to the criticisms of our mechanism by Gore, Hughes, and Ritchie (Nature, 1949, 
164, 835), the following facts may be noted. In their examination of the reaction 


A~—NH-—N=B + C—NH—N=D ——> Tetrahydrocarbazole + products 
(IL) or R,CO 
or 


(II) is always a hydrazone which will not cyclise, and so the equilibrium of hydrazones will 
naturally be displaced in favour of that reactant which is removed from the system, i.¢., by 
cyclisation to form tetrahydrocarbazole. Although this work shows that hydrazone exchange 
may explain our mixed cyclisation results [as we have already stated (J., 1949, 1386)), it does 
not, unfortunately, decide the crucial point, namely, whether or not, in our mixed cyclisations, 
cyclisation proceeds sufficiently slowly to allow exchange to be appreciable. This can only be 
settled by a determination of the relative rates of these two reactions. Gore ef al. have also 


The results obtained by investigating the 
values obtained in two or more runs. The 4, 
Hy, R = a(x 10°) (447°). A(x 10° (24-9"). A. E, keals.* 
TOO slow to measure (1% reaction after 45 hrs. at 44-7") 
m-M Ig 510 + 0-07 0-744 + 0-04 20 = 183 
| #18 + 010 103 002 10 17” 
#36 + 0-046 0 16-3 
67% +010 23 x 10 18-5 
p- Too fast to measare (97% reaction after 2 mins. at 447"). 
Ph 7684013 (1-969 (by wt.) of water added) 
937 + O18 533%, (by wt.) of water added 
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drawn attention to the fact that | : 8-dimethyicarbazole is not among the products obtained by 
dehydrogenating the neutral fraction from the mixed cyclisation, but this point has already been 
discussed (ibid., p. 1386). Finally, they assume that free radicals are not involved as during the 
cyclisation of cyclohexanone phenylhydrazone in glacial acetic acid they (4) obtained a 95°, 
yield, (6) did not isolate benzidine (from the dimerisation of Ph-NH*) and (c) observed the 
evolution of only a small amount of carbon dioxide which they expected to be formed in large 
quantities by interaction of free radicals with the solvent. Although their generalised comments 
apply to certain free-radical reactions, the following observations may be pertinent. (i) 
Kharasch and Mayo (J. Amer. Chem. Soc., 1933, 55, 2468) have found that the peroxide-catalysed 
addition of hydrogen bromide to allyl bromide gives a 92%, yield of | : 3-dibr 
(i) Wieland, Popper, and Seefried (Ber, 1922, 55, 1816) were unable to isolate any diphenyi from 
the decomposition of phenylazotriphenylmethane even though free phenyl radicals are involved. 
(i) The amount of interaction of these free radicals with the solvent cannot be determined 
and it is possible that the carbon dioxide observed by the above authors does arise from this 
source, and not from “ a side reaction of unknown nature,” particularly if it be assumed that the 
radicals formed have a high affinity for each other and relatively little affinity for solvent 
molecules. Their observation that the rapid evolution of carbon dioxide occurs as the mixture 
reaches the boiling point may be explained by the short duration of the reaction [4 (120°) = 
pics nies Finally, although this reaction is indeed exothermic, it would possibly be 
incorrect to describe it as “strongly exothermic,”’ and in solution one would 
$s not expect isolated points of high energy content sufficient to cause thermal 


* decomposition of acetic acid as such phenomena are generally only noted 

he in the gas phase at low pressure. 
With regard to the proposal by Calvin and Fisher (/. Amer. Chem. Soc., 
cit 1948, 70, 3421), it may be noted that a methoxyl group in position X (of III) 
(It. would be expected to facilitate reaction, whereas in position Y it would 
retard reaction. This is not in accord with our results, as we found that cyclohexanone 
p-methoxyphenyihvdrazone cyclises immeasurably more rapidly than the m-methoxy-compound. 


The authors thank Mr. A. N. Hambly for much helpful discussion. 


onneon Cuemicat University oF 
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366. 4-Benzoylmesobenzanthrone. 


By (the late) H. Gorpow Rute, New Campsect, A. G. McGrecor, 
and A. A. WoopHam. 


Oxidative hydrolysis of 4cyanob th readily obtained by the 
condensation of mesobenzanthrone with = | penning affords an excellent method for the 
preparation of 4-benzoylmesobenzanthrone. constitutions of these products have been 
rigidly established 


In the presence of alkaline agents mesobenzanthrone condenses with benzy! cyanide to give 
4-a-cyanobenzylmesobenzanthrone Ph*CH(CN)-). Many such compounds on 
hydrolysis with caustic alkali yield the corresponding alkyl- or aryl-mesobenzanthrone. We 
have found, however, that, although the above cyano-compound with acid hydrolysing agents 
gives 4-benzylmesobenzanthrone RK Ph°CH,°), with alkaline reagents in the presence of 
air it gives 4-benzovlmesobenzanthrone (II; R= Ph°CO). After our work was completed we 
discovered that the preparation of 4-benzovimesobenzanthrone by essentially the same method 
had been outlined in a German patent (G.P. 568,783). The benzoyl compound is also obtained 
by oxidative hydrolysis of the cyano-compound with acids and an oxidising agent, but the 
yields are poor. It was previously prepared by the oxidation of the benzyl compound with 
selenious acid (Kacer, G.P. 557,249). 


é 


a) 
x 
co 
(IL) 
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Presumably in such oxidative condensations the intermediate cyano-compound is hydrolysed 
to the carboxylic acid with simultaneous oxidation by the air. A parallel instance is furnished 
by sodium fluorene-{-carboxylate which undergoes oxidation and decarboxylation in alkaline 
solution to yield fluorenone (Wislicenus and Ruthing, Ber., 1913, 46, 2771). 

How far other substances undergo nucleophilic attack by benzyl cyanide in alkaline solution 
is an interesting speculation but it is noteworthy that the product obtained from benzy! cyanide 
and m-dinitrobenzene (Reissert, Ber., 1904, 37, 831) may well be 1 : 3-dinitro-2- or -4-«-cyano- 
benzylbenzene (cf. Lobry de Bruyn, Rec. Trav. chim. 1889, 2,210). In agreement with this are 
the analytical figures of what was admittedly C, 60-7; H, 40; 
N, Calc. for C,,H,O,N,: C, 504; H, 32; N, 148%) 

Evidence that oxidative condensation of b throne in the presence of alkali occurs 
at the 4-position is to be found in the patent literature. It is, however, difficult to assess the 
reliability of such evidence, conclusive though it appears. This is due partly to the omission, 
in the patents, of relevant details such as the constitution or origin of important intermediates 
as well as lack of methods of identification or analytical figures, and partly to the comparative 
inaccessibility of the patent literature to academic workers. It was therefore decided to 
determine unequivocally the structures of the b throne derivatives prepared above. 
This was done by synthesis and oxidation. 

1-Bromo-4-methylnaphthalene (Meyer and Sieglitz, Ber., 1922, 55, 1839) was converted into 
1-bromo-4-benzoyinaphthalene, identical with the product obtained from 1-bromonaphthalene 
and benzoyl chloride by the Friedel-Crafts reaction. Replacement of the bromine by the 
cyano-group gave 4-benzoy]-1-naphthonitrile (I) (B.P. 293,768), which was cyclised to 4-cyano- 
mesobenzanthrone (II; R = CN) when heated with aluminium chloride and sodium chloride in 
a current of oxygen. Hydrolysis gave the 4-carboxylic acid (cf, a and Simonsen, J., 1942, 

209) which was converted into 4-benzoy) b throne (II; = COPh) identical with our 
compound prepared above by the oxidative hydrolysis of wl benzyl hrone 
Any possibility that rearrangement had occurred during the ring-closure was eliminated by a 
second proof of the structure of 4-benzoylmesobenzanthrone. Oxidation gave 2-benzoylanthra- 
quinone-l-carboxylic acid previously obtained from 1-chloro-2-benzoylanthraquinone (Scholl 
et al., Ber., 1936, 69, 2428). The carboxy! group is in the 1-position and the benzoyl group must 
be contiguous to it since treatment with hydrazine hydrate or acetic anhydride in pyridine 
yielded a dihydropyridazine derivative (IIT) and an acetoxy-lactone (IV) respectively. Control 
experiments showed that hydrazine hydrate under the same conditions did not react with 
anthraquinone, and with anthraquinone-1-carboxylic acid gave the hydrazinium salt. 


Decarboxylation of 2-b ylanth inone-1l-carboxylic acid gave 2-benzoylanthraquinone, 
previously obtained from 9-benzoylmesobenzanthrone (Moshchinskaya, Chem. Abstr., 1941, 35, 
5488) or anthraquinone-2-carboxylic acid (Waldmann ef al., Ber., 1938, 71, 370). It is of 
interest that, in contrast to anthraquinone-2-carboxylic acid and 1- and 2-naphthoic acids, 
1-nitroanthraquinone-2-carboxylic acid and nitronaphthoic acids (cf. Rule ef al. J., 1934, 168, 
171) are readily decarboxylated by copper in quinoline, thus further demonstrating the influence 
of negative substituents on decarboxylation. 


EXPERIMENTAL. 


Compounds denoted by asterisks are mentioned in patents but without analytical data. 

Hydrolysis of 4-e-C "1092, 17, 4310) and separated from bem was obtained 
oy 501,082 (Friedlander, 1932, 17, 1310) and ted from benzene in 
yeliow plates, m. p. 212° (Found: C, 87-4; H, 41; N, #1. Caslt 4 does onsen 870; H,4 
41%). It (1 g.) was boiled for 7 hours with 75 c.c. of a mixture of glac acetic acid, concentrated 
after crystallisation first from benzene and then from 
as pale yellow needles, m. p. 182° (Found: C, 80-3; H, 5-2. <O requires C, 90-0; H, 50%). It 

sn orange-red sclutim with a golden fooreacence when in concentrated sulphuric acid, 


none with methanolic 
Oxidative Hydrolysis 


benrylmesob throne.—Similar treatment of 4-benzylcyano- 
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mesobenzanthrone in another experiment 4-<yanobenzyi th (1-5 g.), powdered sodium 
dichromate (45 g.), and glacial acetic acid (100 c.c.) were refluxed for 2—-3 hours and then poured into 
resulting which was purified by dissolving it in benzene-light petroleum (11:9 parts). the 


passing 
solution through alumina, and the chromatogram first with a similar mixture and then 
A yellow band developed and passed into the filtrate which on 
m. p. 175-177" (Kacer, joc. ct., gives 174-176") 
requires C, 862; H, 42%). It gives no colour with 
: of 30° when mixed with 4-<-< benzyl- 
. by the method given in G.P. 568,783 (Friedlander, 


yathenss of 4-Bensoyim — 1- Bromo-4-meth thalene (Meyer and Sieglitz, 
loc. ott.) gave a 12% veld of 4-bromo-l-naphthoic acid, m. p. 211-212" (lit., 212°) when oxidised by 
dilute nitric acid acid (1 g.) was converted into the chloride thiony! chloride (2 g.), and a 
benzene solution of the chloride was treated with aluminium chloride (1 g.}, and the solution ed on 
the water-bath for 3) hours. The mixture was poured into water, ice, and hydrochloric acid and 
thoroughly extracted with benzene. The benzene solution was chromatographed on alumina and 
developed with benzene light roleum (b @...80°"). Elution of the dark zone at the top of the 
column with ethanol gave omo-\-benzoy: Athalene.* which after repeated crystallisation from 
ethanol had m 77° and gave m. p. §1--83° when mixed with the compound red as follows. 
1- Bromonaphtha (21 g.) was added to benzoyl chloride (14 g.) and aluminium chloride (14 ¢.) in 
carbon disulphide (80 ¢.c.), and the mixture after 2 hours on the water-bath was red on ice (250 g.). 
Ether-extraction followed by evaporation of the dried (CaCl,) extract gave 4-bromo- | -benzoy!- 
naphthalene (11 g.) which on crystallisation from ethanol gave prisms, m. p. 87—88" (Found Br, 25-9. 
C,,H ,OBr requires Br, 25-7%) 
1-romo-4-benzoyinaphthalene (9 g.), cuprous c (55 g.), and freshly distilled pyridine 
(15 c.c.) were boiled for 17 hours in an oil-bath (temp. 210-—220°) and poured into concentrated aqueous 
ammonia (25 ml.) and water (25 ml.). Benzene (25 ml.) and ether (25 mi.) were added and the mixture 
was filtered. The benzene-<ther layer was washed 4 times with dilute aqueous ammonia (25 mi.), 
twice with 6n-hydrochioric acid (25 mi.), twice with water (20 ml.), and fi twice with a saturated 
solution of sodium chloride. Removal of the solvent gave 4-benzcyl-l-nap m. p. 6769" 
(6 g.. 66%) (Pound: N, 52. C,,H,,ON requires N, 54%). The nitrile (2 g.), aluminium chloride 
re ‘ ), and sodium chioride (3 3 &.) were well ground together and heated in an oil-bath (bath-temp. 
16--120°) for 24 hours and the product was decom with water. The tarry product was dissolved 
in ial acetic acid, from which crystals, ep wa ted. These were dissolved in benzene 
the solution was chromatographed on alumina and column developed with ~—re < 
— A pale yellow band moved down the column and consisted of unchanged nitrile, m. p 
*, and a thin dark zone at the top of the columa on elution with ethanol gave a small quantity of 
4-cyanomesobensanthrone,* 234°. The nitrile is by passing oxygen through the above 
molten mixture maintained at 110-135" for 24 hours pouring the product into water Extraction 
with ether followed by ev tion of the ethereal la gave the nitrile which, c lised from glacial 
acetic acid, had m. p. 234° (0-8 g., 12%) (Found: N, 5-45. C, .H,ON requires N, 55%). From the 
crystallisation liquors 3-0 g. of the original nitrile, m. p. 74°, were obtained 
4-Cyanomesobenzanthrone (0-2 g.), water (2 ml.), concentrated sulphuric acid (2 ml.), and glacial 
acetic acid (2 ml.) were boiled for 5 hours and ated os into water. Hydrolysis was found to be 
incomplete and that part of the product which was uble in aqueous sodium carbonate was hydrolysed 
for a further 9 hours. The combined alkaline extracts on acidification yielded mesobenzanthrone-4- 
carboxylic acid, yellow crystals (from nitrobenzene), m. p. 314--315° (yield, quantitative) (Found : 
C, 7&5; H, 3-65. Cale. for C,,H,O,: C, 788; H, 365%). The acid chloride ( red from the acid 
(2 g.) and excess of thiony! chloride), benzene (10 ml.), and aluminium chloride (0-5 g.) were boiled for 
4 hours and poured into concentrated hydrochloric acid and ice. The benzene layer was removed and 
the aqueous layer extracted 3 times with benzene. The combined benzene extracts, after drying 
(Na,5O,), gave on concentration a brown solid, which was dissolved in benzene and through a 
column of alumina (3 x § in.). A yellow zone passed quickly down the column ave a uct 
which after crystallisation first from benzene and then from ethanol yielded yellow cry of 4-benzoyl- 
ye Pe ee m 176°, undepressed when mixed with the benzoyl compound prepared as above 
(Found: C, 857; H, 43%) 
4- Methyl. 4-Bromo-!-methylnaphthalene (10 cyanide (6 and 
pyridine (10 ¢ c.) were heated for 18 hours in an oil-bath, the temperature of which was 215-225". The 
product was worked up as for the nitrile described above and gave 4-methyi-l-naphthonitrile, needles 
(from light petroleum), b. p. 210-—220°/40 mm., m. p. 53-54" (Found: N,&1. C,,H,N requires N, 
# 4%). In view of the above successful synthesis, conversion of the nitrile into ¢-benzoylmesobenz- 
anthrone was not attempted 


Omdaton of 4 th 


oh 


.—4-Benzoy! b (0-5 g.), chromic anhydride 
(AnalaR ; 1-5 g.), and glacial acetic acid (15 ml.) were bouded for } hour and poured into water (150 ml.). 
2-Benzoylanthraquinone-|-~<carboxylic acid thus obtained was dissolved in sodium hydroxide solution, 
precipitated from the filtered solution by hydrochloric acid, and crystallised from benzene in needles, 
m. p. 212-216" (10%). A purer acki was obtained by reducing the volume of the above aqueous 
liquor, whereupon wonting gave the acid, m. p. 234° (lit., 224") (33%) (Found: C, 72-9; H,33. Calc. 
for C, 742; H, 
acid (0-2 g.) and 50% hydrazine hydrate (3-0 ml.) were heated for 30 minutes. The dried product 
(0-2 g.) was crystallised first from glacial acetic acid and then from ethanol to give yellowish crystals of 
2-4 m. p. 324—327° (Found: C, 73-7; 
H, 36, N, 74. CyM ON, requires C, 740, H. 34. N, $0%). The substance was insoluble in 
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colourless 
pistes (from glacial acetic m. i carbonate (Found. N, 


was wachenged by 

original acid 

bated the fo ours en poured into water tn 


phenyl-2’ : : 4’-1 separated and crystallised 
acetic acid in (Pound: C, 78; H, 38. Call 


2- l-carboxylic acid on decarboxylation at 170° for § hour with quinoline and 
gave 2-benzoylanthraquinone, m. p. 216—217° (Found: C, 80-3; H, Cale. for C,,H,,0, : 

c, 7; H, 38%). Under similar conditions anthraquinone-|l-carboxylic acid and 1 
i 2-car 1-nitroanthraq but anthra- 


Thanks are expressed to Chemica! Industries Limited, Dyestuffs Division, at Manchester 
Tue University or (Received, March 6th, 1950.) 


367. Separation of the Lanthanons with the Aid of 
Ethylenediamine-NNN'N'-tetra-acetic Acid. 
By J. K. Marsn. 


Tue recent trend in the chemistry of the lanthanons has been to recognise the limitations of 
older fractionation processes for separating members of the group in purely cationic form, and 
to use less fully exploited physical processes such as solvent extraction, or chemical processes 
involving formation of more or less stable anionic complexes. In this way it has been found 
possible to utilize differences in the stability of complexes. The most notable example is the 
success achieved in the use o’ ammonium citrate and citric acid solution to form a complex with 
and elute the cations held in an ion-exchange resin such as “ Dowex 50."" As a micro-method 
this process is excellent, but the large quantities of reagents and water required detract seriously 
from its merits as a production process. Even many of the older classical fractionation 
processes are based upon weak complex formation, as found in the so-called double salts, <.g¢., 
with alkali sulphates, ammonium oxalate, ammonium nitrate, and magnesium nitrate. The 
strong co-ordinating power of citrates and tartrates has long been known but was not successfully 
utilised until the advent of the ion-exchange technique. Strong complexes are formed by the 
* Komplexones "’ developed by Schwarzenbach and his school (Helv. Chim. Acta, 1945, 28, 
et seq.), and Beck (ibid., 1946, 29, 357; Mikrochem., 1947, 88, 344; Anal. Chim. Acta, 1949, 8, 
41) has shown that ammonium and alkali salts of nitrilotriacetic acid, N(CH,-CO,H),, “ trilo,”” 
are very successful in effecting semimicro-scale separations. He dissolved the oxalates in 
weakly alkaline “ trilo ” solutions, and reprecipitated them by acidification, or addition of an 
uncomplexed lanthanon salt or cupric salt solution. This he called the “ exchange method,” 
since the copper or the more weakly basic lanthanons combined with the “ trilo,”’ displacing the 
stronger basw which wees then for instance, from a 90% La,O, 


secondary or tertiary amino-groups, and two or more acetate radicals so disposed as to give rise 

to chelate structures), trilo and ethylenediaminetetra-acetic acid, (CH, 

alkaline earths until they recently prepared 1 sehen 

(Helo. Chim. Acta, 1949, 32, 1682). They have derived a constant whereby the power of the 
6a 


<iptation of oxalaten of the | of separating the lanthanons by fractional 
tion of o tes or other insoluble salts on their with ammonium 
By this mode of fractionation, yttrium comes close to dysprosium in the lanthanon series, and 

‘ A rapid separation of all the 

heaviest earths, form the firmest complexes, is also indicated. The method is 

recommended as being superior to double alkali-sulphate precipitation for an initial separation. 
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various substances can be compared for bivalent metals, by combining the acidity constants for 

the substance with the equilibrium constants for the reaction between metal ions and complex, 

yielding metal complex and hydrogen ions (ibid., pp. 1543, 1682; Nature, 1949, 1683, 723). The 

values of the constant for calcium, log Ko,, are for trilo, enta, and the | : 2-cycichexane compound, 

tendency 


charactenstic degree of efficiency relative to the others ; 4g. it may be expected that enta will 
exceed trilo in the stability of its lanthanon complexes. However, when we change from a 
bivalent to a tervalent clement, a new disturbing condition arises to upset any prediction, but 
it has been found that enta behaves similarly with bivalent metals and with lanthanum and 
cerium (Hele. Chim. Acta, 1946, 31, 459). The ions H enta’-, H, enta*~, and H, enta'- thus 
appear to build complexes with these two elements just as with bivalent elements, but alumin- 
iam, ferric iron, and chromium behaved differently and formed hydroxo plexes, ¢.¢., 
[Al enta(OH)}*-, or held a water molecule, 
Since H, enta is manufactured in quantity for textile processing, it is freely available for 
of lanthanons. Its low solubility in cold water (0°03 g./100 g.; Bird, J. Soc. Dyers 
Col, 1939, 65, 560; 56, 473) enables it to be recovered by acidification after use. 

As a first step for the separation of a crude lanthanon mixture, the application of enta is 
foand to be superior to the classical alkali double sulphate precipitation. The latter process 
has usually been limited to one or two applications only, owing, not to any inefficiency per se, 
but to the large amount of labour involved in decomposing the double sulphates with alkali and 
washing the hydroxides free from alkali. Introduction of silica by the alkali also causes much 
trouble. A partial solution of the difficulty is to roast the double sulphates till anhydrous 
(Marsh, Nature, 1949, 168, 908). After being ground, all can be brought into solution easily 
with iced water provided that not too much terbium earths are present; or the yttrium earth 
solution may be decanted and the insoluble terbium earth residue centrifuged. The efficiency 
of a single double sod Iphat 
gadolinite can be seen from Table I. The precipitates of double sulphate were collected, and 
the derived oxides analysed spectrophotometrically as far as possible. 


Taste I. 


coe 


Fractions | and 2 of Table 1 refractionated with “ enta.” 


93 
430 
120 


The first two double sulphate fractions represented in Table 1 formed the starting material 
used to ascertain the separational effect brought about by enta, and represented in Table II. The 
two oxides were united and dissolved im nitric acid, and nine-tenths of the solution precipitated 
as oxalate. To this was added just sufficient ammonia and ammonium enta solution to cause 
all the oxalate to dissolve when hot to a solution smelling faintly of ammonia. The reserved 


9 
2 
; 107 102 97 107 127 
Dy 10 138 a3 62 10 
_ 55 61 63 7 65 43 
Taste II. 
Fraction no. . wiilens 1 2 3 4 4 6 7 
2 28 17 lw 7 4 
14 50 Os — 
Na. 200 458 oe 
Ho - 24 31 a4 
- 40 73 20-0 
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tenth part of nitrate solution was then run in while the oxalate solution was stirred mechanically 
at its boiling point. Thus there resulted fraction | of Table II, since the amount of enta was 
unable to co-ordinate with the whole of the lanthanon now present, and some material forming 
the least stable complexes (viz., lanthanum and the cerium earths) was precipitated as oxalate. 
Subsequent precipitates 2, 3, 4, and 5 were formed by running 10% oxalic acid solution into the 
hot, stirred complex solution, but solid oxalic acid was used for fractions 6 and 7. The whole 
of the lanthanon was then seen to be precipitated, and the solution contained nearly 10% of 
oxalic acid. It was thus nearly saturated when cold. From it, much the greater part of the 
H, enta was recovered next day. 

On comparing Tables I and II the following deductions can be made. (1) The concentration 
of neodymium is at least as effective by enta as by double sulphates. (2) Dysprosium collects 
by double sulphates in the early middle fractions, whereas by enta it is spread more evenly 
throughout the yttrium fractions: this is further exemplified in Table I11b. Conversely, 
yttrium precipitated in presence of enta is collected at or close to the position of dysprosium in 
the lanthanon series, whereas by double sulphates it is collected just above the position of 
erbium, and a considerable Y—Dy separation results. (3) This leads also to the observation that 
erbium and ytterbium are collected much better in the tail fractions by enta than by double 
sulphates. It should be noted that Tables I and II represent the separation of the cerium and 
the yttrium group too sharply. Each group can only be determined satisfactorily in the absence 
of the other; ¢.g., erbium cannot be assayed in presence of neodymium. Thus the erbium 
represented in Table II could not be determined in fractions | and 2 of Table I from which all of 
Table II is derived. Also estimates of samarium are made at a short wave-length and are apt 
to be high owing to traces of Ce(IV) or Fe(III), etc. This appears to have caused higher 
estimates in Table I than are found in Table II. The great advantage of enta, however, is not 
any superiority which it can give in one fractional precipitation, but the fact that it always 
yields oxalates which require little processing before again being fractionated. Thus the enta 
fractionation can be carried on continuously without the labour involved each time double 
sulphates have to be brought again into solution. 


Input of mixed oxides : (a), Nd, 85% + Pr, 15%; (6), (c), (d), and (¢), La, 12°5% + Pr, 875%. 


ee Pr and Nd oxalates, and oxalic acid. 


(a) (b). (c). (d). (e). 
Fraction. %- %- %- Lass, %- %- % % % 
1 27 2 43 19-6 36 20-3 il 13-2 
2 10 16-5 il 39 8-5 15 15-6 40 16-0 
3 26 16-5 22 15-5 18 46 26 1L3 16 13-2 
4 23 13-0 10 7 13 60 
5 ll o4 12 13 7 24 7 9-5 
$ 3 33 7 3 16-3 2 


Table [Ila shows the result of operating with a concentrated solution of crude yttrium oxide 
of apparent molecular weight of 250, which had been freed from terbium and earlier earths in the 
series, and partly fractionated as basic nitrates till considered too poor in coloured earths to 
repay further extraction. A similar run was done at ten times the dilution, and showed only a 


Taste ILL. 
(a). ‘ (0). 
Tb-free yttrium earths, % : Dy-rich yttrium earths, % : 
%- Dy,0,. Ho,O, Er,0, Yb,0,. %e- HoyO, Er,yO,. 
16 6 36 260 7 13 
15 2-7 40 13 22-46 i“ 0-7 
3 18 20 77 12 2746 18 
lo 18 3-6 67 9 2-5 23 
9 2-3 1-8 10-2 62 16 30-8 3-7 3-8 
1-8 18-9 16-7 6 234 64 11-2 
4 00 0-8 145 2 26-7 79 256-3 
Taste IV. 
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sight improvement in . Thus erbia rose in fraction 6 from 19 to 23%, and ytterbia 
from SO to 56%, and it was not found at all in fraction 5 of the dilute solution. The effect of 
dilution is thus of minor importance and is overridden by considerations of convenience. It 
should be noted that second and third quantities of yttrium nitrate solution together with 
ammonium oxalate were added to the original enta-oxalate solution, so that not much change in 
composition of fractions 1-3 of Table Illa was to be expected. 04 Mol. of oxide (100 g.) was 
here processed in 600-800 ml, though not more than 40 g. were in solution at any one time. 
It appears that even more (0°6—-0'8 mol.) might still have given satisfactory results. 

Table I11d shows the result of operating with a mixture rich in dysprosium. Very little 
change in dysprosium content relative to yttrium took place. Holmium, however, is seen 
more clearly than in Table Illa to be collecting at the tail. 

Table [Va presents praseodymium contents of fractions obtained by operating with a 
mixture 85% Nd,O, + 15% Pr,O,,. Further systematic fractionation would be required to 
enable an assessment of the utility of enta for separating these two oxides, but the prospect is not 
unfavourable. It may be noted that in Table II the Pr : Nd ratio is seen to change from 1 : 4 in 
fraction 1 to 1: 6 in fraction 3. 

Table IV b, ¢, d, and « illustrates the change in lanthanum content of fractions obtained 
under various conditions by precipitating the same mixture of Pr,O,,, 87°5% + La,O,, 12°56%. 
Table IVb shows the outcome of using the sodium salt of enta on the oxalates. The ammonium 
salt was also used, but not all the fractions were analysed. The first and second small 
precipitates contained 14% and 18% of La,O,, respectively. At various times it has been 
found that poor separation was shown by the first precipitate. This is thought to have been 
due to working at too high a pH, with solutions containing metastable hydroxide. Values 
over 85 seem undesirable. Precipitates from basic solution were always fine or even unfilterable, 
though easily centrifuged. The last fraction from the ammonium salt (32%) contained 3°9°, 
of La,O, The amount of lanthanum therefore does not appear to be appreciably different 
from the content of the tail fractions from the sodium salt. 

Table 1Ve and d shows the results of co-ordination of succinates with the sodium and 
potassium salts of enta respectively. The complexes were then broken by adding cupric 
acetate. The copper took the place of the lanthanon, which was precipitated as succinate. By 
this method little change in pH occurred during the fractionation. 

Table [Ve gives the effect of formation of a complex with ammonium citrate and then 
reprecipitation by addition of first ammonium oxalate and then oxalic acid. Large amounts of 
the latter were required before quantitative precipitation could be brought about. The 
separation achieved is seen to be much inferior to any of the enta series. Whereas these gave 
La,O, between 25 and 3%, the citrate series varied only between 16 and 9%. 

The effect of conditions on the degree of separation achieved by means of breaking the 
complex in enta solutions of the lanthanons appears to be small. Displacement of lanthanon 
by copper at constant pH in place of displacement of enta by oxalic acid by lowering the pH, 
or use of co-ordinated succinates in place of oxalates are all without any large effects upon the 
degree of separation brought about. Oxalate seems slightly superior, and its use is easier and 
cheaper. 

It has been found that | mol. of enta will cause solution of 1 g.-atom of a lanthanon. The 
umple salts of lanthanon-enta are insoluble, and have the formula LnH (enta) (Brintzinger, 

Thiele, and Muller, Z. anorg. Chem., 1943, 251, 285), and it seems likely that 
(NAY), [ts ss) the highly soluble alkali or ammonium oxalate complexes, which, however, 
may be obtained crystalline, must have a formula like that inset. 

The use of ethylenediaminetetra-acetic acid or future improved co-ordinating agents of 
similar type gives promise of effecting revolutionary simplification of the purification of the 
lanthanons, except dysprosiam and those in the series near to it. The reagent appears to be 
most efficient for the four heaviest lanthanons, but it is likely to be of use also with the lightest. 


EXPERIMENTAL. 


Preespitation of Crude Gadolimite Earths (Table U1).—The oxides used (Fractions 1 and 2 of Table I) 
varied in molecular weight from 318 to 202 and contained very little cerium. A stock ammonium 
eata solution was prepared by dissolving H, enta in sufficient ammonia to give H,(NH,), enta equivalent 
to 250 g. 1 of H,enta. 24 G. of oxalate were formed into a complex with sufficient of this — 
(60 ml.) with ad ammonia to give a clear solution at the b. p. To this was added a qu 
nitrate solution. The precipitation of the oxalates has already been described, and with slight 
modifications was in accordance with the ure generally adopted in al) the experiments here reported. 
The volume of solution was 300.700 ml., and the total oxide 10 g. 
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(Table Tita) mol.) were converted into oxalate. This 
required 250 ml. ay of the above stock 

enta and lanthanon in complex. The later oxalate precipitates were coarse and appeared to be 
mixtures. 


“tnd alowing Co wand ower, lanthanon passe on cooling. The 
and the process repeated so long as. 

extracted. Two or three give a clean separation of lanthanon, and recovery in a 
of the bulk of the enta at the lutecium end of the series 


H, enta, end cn bun oxalic acid at room temperature 
precipitation of the lnathanon,” ‘This hes boon proved’ ty evaporation to Grynem, and ignition of the 
precipitation proved evaporation to ignition 

residue from 100 ml. of solution. No trace of lanthanon was found in it after working on a material rich 
in ytterbium and lutecium. The last traces of lanthanon oxalate, however, are precipitated only after 


to be insoluble or even direct 
and H, enta, the author found that slightly soluble salts result. The solubility of the series 
to increase from lanthanum to lotecium. man a 


H 
enta solution pure oxalate was obtained. Enta salts will fuse and behave juite differently from oxalates 


when ignited. um group earths with little 
or no univalent meta! present. 


7-5 G. of oxide were formed into a complex with oxalate, and 2.5 g. added 
as nitrate to a sol 8-5. Subsequent additions of oxalic acid were made. The final precipitate 
wun erystailinn ond cppatsed free frum H, enta, yet on ignition it behaved differently from a pure oxalate, 
so it is possible that it was a double enta-oxalate salt. 

Separation of Lanthanum and Praseodymium (Table 1Vb, ¢, and d).—Tests were made with both 
ammonium sodium as univalent cation, but ho pronounced difference resulted. Succinates were 
also tried, both sodium and potassium being used as cations. The precipitation by cupric acetate was 

to be delayed and then sudden. The pH was about 7 and the ripitates required to be cents > 

the pH was lowered, ast 6B the No advantages were by 
the use of succinates 
Separation of Citrate (Table 1Ve).— Ammonium citrate was added to a praseodymium 


by using oxalic 


The author thanks Sir Robert Robinson, O.M., P.R.S., a 
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368. Aromatic Hydrocarbons, Part LVII1. The Structure of 
Azulene. 


By E. Crar. 


Com anson of the visible and the ultra-violet absorption spectrum at room temperature and 
at --170° gives the characterisation and classification of the different band groups. The 
results thus obtained correlate the aromatic state of azulene with the ultra-violet part of the 
spectrum, whilst the visible part is correlated with a non-aromatic metastable state. 


Tue anellation principle provides a simple relation between the absorption spectrum and the 
number of x-electrons in an aromatic hydrocarbon (Clar, Chem. Ber., 1949, 82, 495). Thus the 
first group of bands (2-bands) in benzene at 2600 a. shows a steady shift to the red with increasing 


when a lanthanon solution of good working 
re fixed precipitates of oxalate and H, enta, or 
then encountered. When 
ric ignited, but when rich in enta, the whole of 
several days, and may be contamimated with iron 
< fe n H enta 
terbium 
appears 
jum, an 
An ammonium-—yttrium-enta salt has been prepared as short needles, but it is too soluble and sluggish 
ine tion to afford a means of fractionation. 
sprosium Fraction (Table I11b).—5 G. of oxide were used of which half was converted into a 
complex as oxalate and half then added as nitrate. The initia! solution was very alkaline, and the poor 
separation obtained in the first fraction is believed to be due to this. The experiment was carried out as 
but only a partial precipitation occurred. Enough was then added again to clear the hot solution. 
Two precipitates were obtained by adding ammonium oxalate, but forther precipitates were only 
obtainable acid. 
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number of w-electrons in passing to naphthalene, phenanthrene, and the higher phenes (angular 


aromatic hydrocarbons). 


4- 


Absorption spectrum of arulene at +e 


This rule would require a similar group of a-bands for azulene and naphthalene. If allowance 
is made for the fact that the average angle in uniplanar azulene is greater than the 120° of the 


AA. 


Absorption spectrum of naphthalene 
at —170", 


benzenoid hydrocarbons, a small shift might be 
expected. This is indeed the case. The first ultra- 
violet group of bands lies between that of naphthalene 
and phenanthrene. Investigation at low temper- 
ature has shown beyond any doubt that these are 
@-bands. This class of bands is characterised by a 
very small (or no) ultra-violet shift at low temper- 
ature. (For the classification of bands, see Clar, /. 
Chem. Physics, 1949, 17, 741; Spectrochim, Acta, 1950), 
in the press.) 

There is another band of the a-type, marked 2’ 
in Fig. 1. This band corresponds to the a’-band in 
the absorption spectrum of naphthalene at — 170°; 
it is superposed on a group of p-bands (Fig. 2). If 
the a-bands are the result of a resonating system of 
10 x-electrons, the anellation principle would require 
6 x-electrons for the a’-bands in naphthalene and 
azulene. This means that 4 r-electrons would be 
localised in each ring, whilst 2 -electrons could 
move from one ring into the other. However, this 
idea requires the support of more experimental 
material, which is forthcoming in the higher acenes 
(linear aromatic hydrocarbons). 

Owing to the non-benzenoid character of azulene 
no trace of a group of para-bands, corresponding to 
the group beginning in naphthalene at 2885 a., can 
be found in the spectrum of azulene. The anellation 
principle correlates the p-bands with the transition 
from the ground state to a Dewar or pava-form in 


the excited state. These bands which become the most prominent in the higher acenes are 


Fis. }. 
a’ 
a 
3? 
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characterised by a red shift of about 300 cm.-' at low temperature (Clar, Spectrochim. Acta, 
1950, in the press). 

There is an extended group of §-bands in the spectrum of azulene between frequencies of 
35,000 and 40,000 cm. (Fig. 1). These, which are usually the most intense bands in the 
absorption of an aromatic hydrocarbon, are characterised by a considerable red shift 
at low temperature (cf. Fig. 2 for naphthalene). 

Recently (Clar, Chem. Ber., 1949, 8%, 495) it has been found that the difference in frequencies 
between the first a and the first §-band is equal to the difference in resonance energy between 
consecutive members in the anellation series, i.¢., the difference in resonance energy between an 
aromatic hydrocarbon and its preceding member in the phene series with one nng less. The 

of this rule in the spectrum of azulene gives 6600 cm.~' or 19 keals. for one ring. If 
this value is multiplied by the ratio of resonance energies of (naphthalene-benzene) : naphthalene, 
a resonance energy of about 40 kcals. for the whole azulene ring system is obtained. This value 
is also obtained by another method, as seen below. 

The most striking feature of azulene is its blue colour. Investigation of the group of bands 
in the visible part of the spectrum shows that it has nothing in common with the other types of 
bands in aromatic hydrocarbons. It shifts to the ultra-violet about 120 cm.-* at —170°. The 
unusual behaviour of these bands is also shown by the strong ultra-violet shift consequent upon 
alkyl substitution in positions 2, 4, and 6 (see I) (Heilbronner and Wieland, Helv. Chim. Acta, 
1947, 80,947). A corresponding feature is not observed in the benzenoid aromatic hydrocarbons. 
The intensity of these bands is doubled at —170°. The blue colour of azulene fades reversibly 
to a considerable degree, in high-boiling solvents such as methylnaphthalene or liquid paraffin. 
This shows that the blue colour of azulene originates from a metastable state, whose stability 
decreases with rising temperature. Corresponding metastable states are known to be formed by 
irradiation of aromatic hydrocarbons at low temperature in solid solution (Lewis and Kasha, 
J. Amer. Chem. Soc., 1944, 66, 2100; Kasha and Nauman, J. Chem. Physics, 1949, 17, 516). 
They have life-times of several seconds. The longest life-time (about 3 minutes) was observed 
with triphenylene in the course of this work. It is long enough for the absorption spectrum of 
the yellow metastable state of the colourless triphenylene to be photographed. It shows 
absorption bands at 4300 and 4080. It is very likely that this long life-time is connected with 
a non-planar propeller-like state, caused by the overlapping of hydrogen atoms in the positions 
1:4:5:8:9:12 in triphenylene (II) in solution. The blue state of azulene is, therefore, 


<> A at) 


probably non-planar and might be called aliphatic azulene. In that case the aromatic resonance 
should have disappeared. This view is supported by the fact that the difference between the 
first band in the visible and the first a-band in the ultra-violet amounts to 28,410—14,490 = 
13,920 cm.-! = 40 kcals., i.¢., the same value asabove. The relation between the different states 
is therefore as follows : 


Aromatic azulene, first excited 
state (singlet), uniplanar. 


First visible band 


Rand Aliphatic blue azulene, non-planar, 
98,410 metastable, temperat dependent 
Aromath resonance 
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From the ratio of the intensities of the bands it can be concluded that the concentration of 
the blue azulene amounts to a few per cent. only. Heilbronner and Wieland (loc. cit.) report a 
tesonance energy of 46 keals. for azulene. The difference of 6 kcals. can be explained by 
application of the Franck—Condon principle. 

Klevens and Platt (/. Chem. Physics, 1949, 17, 470,484; ef. Clar, J. Chem. Physics, 
1049, 17, 741) used the classification of bands provided by the anellation 


J. Chem. Physics, 1949, 17, 481) has now been shown to be erroneous. They consider the visible 
group of bands as strongly shifted a-bands in comparison with the a-bands in naphthalene (in 
their terminology L,-bands). The first ultra-violet group of bands is classified as belonging to 
whilst the classification of the §-bands (B,) is the same asin this paper. As 
shown above the absorption spectrum of the first two groups at low temperature contradicts 
this view. 

There is another band (’) of the §-type at 42,200 cm.-', which is probably connected with the 
a’-band in the same way as the (-band is with the a-band. 


The technique for the low temperature-absorption was that already described (Ciar, Spectrochim. Aca, 
recorded (Suez, St. Ptau, and Plattner, Hele. Chim. Acta, 1937 Plattner, ibid, 1941, 84, 200. 
Plattner and Heilbronner, sbid., 1947, $0, 910; Heilbronner and Wieland, and Mann, Platt, and Klevens, 


Arulene em.) Naphthalene (units, cm.) 
at +18". at—170". at +18°. at —170°. 


Temperature 31,350 
dent 31,850 31,860 


8- Bands 


a Bands 32,150 


33.710 
36, 360 
36,970 
37,740 
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I am indebted to Professor J. M_ Robertson, F_R.S., for a gift of azulene. 
Univensiry oF Glascow (Received, March Sth, 1950.) 


369. The Chemotherapy of Tuberculosis. Part I. Some Substituted 
N-4-Diphenylylamidines. 
By L. Baver and J. Cymerman. 


In order to increase the basic strength and lipoid solubility of 4-aminod yi, a substance 
of known aati-tuberculous activity, twelve substituted N-4-diphenyivila s (V) have been 
prepared by reaction between a 4-diphenyly eat and a series of aliphatic, aromatic, 
alicyclic, and hydroaromatic cyanides, and these amidines have been characterised by their salts. 


Since it is felt that a combined bacteriological and physico-chemical approach is necessary for 
& more exact understanding of the relation between antituberculous activity and chemical 


loee. eit.) 
at+is 
Meta- 14,370 
a stable 15,130 15.270 
bands  mbands 
| 
18,050 120 32 
18,600 18, 830 | 32, 
19,420 32, 
eBands 2410 28,410 
790410 20 33,670 33, 
33, 
31,060 p-Bands 35,000 
31,350 | 35 
31,960 31.800 — 
32.150 | «’-Bands 36,360 
32,570 
37,590 
38,910 
40,320 
| 45,250 
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structure, an investigation into the influence of three physico-chemical factors has been under- 
taken in this connection : first, the effect of variation in lipoid solubility; secondly, the use of 
basic substances of different basic strengths; and, thirdly, the effect of alteration in molecular 
size, particularly in surface area, since adsorption is an important factor in many biological 
systems. 


Newbery and Webster (J., 1947, 738) have prepared a series of aliphatic monoamidines of 
general formula (I) containing seven to eighteen carbon atoms, some of which showed marked 
activities in vitro against Mycobacterium tuberculosis. In a series of publications (Helv. Chim. 
Acta, 1945, 28, 1406; 1947, 30, 2058; 1948, 31,75; 1949, 32, 605) Erlenmeyer, Bloch, and their 
co-workers have compared the activities in vitro for a number of aromatic amines. 


“NH, R-NH, R-NH-CCNH)-R’ 
(L.) (ul) (1) 


R-NH-CHyCH,NR,’ CHyNH-CH, CH, 
av.) = (v.) (VL) 


4-Aminodiphenyl, a lipophilic base possessing a flat surface, was taken as the starting point 
for this investigation. Its tuberculostatic activity was first reported by Erlenmeyer, Becker, 
Sorkin, Bloch, and Suter (1947, loc. cit.) who quote it as bacteriostatic in vitro in a dilution of 
8 x 10* moles/l. Application of the above criteria to this compound led us to increase its 
lipoid solubility and basic strength. These properties in the case of an amine (II) may be 
conveniently improved by conversion into the corresponding amidine (III) (in which basic 
strength is greatly enhanced because of resonance possibilities; cf. Schwarzenbach and Lutz, 
ibid., 1940, 28, 1162), or the derived w-dialkylaminoalkylamine, ¢.g., (IV). A series of the latter 
have been synthesised and will be reported in a forthcoming communication. In this paper we 
These amidines were prepared by the elegant method of Oxley and Short (/., 1946, 147), 
from a 4-diphenylylammonium salt and a series of aliphatic, aromatic, alicyclic, and hydro- 
aromatic cyanides. For the preparation of aliphatic cyanides, the procedure recently given by 
La Forge, Green, and Gersdorff (J. Amer. Chem. Soc., 1948, 70, 3709), using ethylene glycol as 
solvent, proved convenient. Reaction temperatures between 100° and 185° were used, depend- 
ing on the reactivity of the bromo-compound and its boiling point; and a catalytic amount of 


potassium iodide, added to the reaction mixture, was found to improve the yield in some cases. 
By this method n-heptyl cyanide was obtained in 86% yield from the corresponding bromide. 
The hydroaromatic compound, cyclopent-l-enyl cyanide was obtained in 80°5°%, yield from the 
cyanohydrin. 
The method of La Forge et al. (loc. cit.) failed to give eyclohexyl cyanide from 

bromide. In the preparation of this cyanide by catalytic hydrogenation of cyclohex-l-enyl 
cyanide there was also obtained a small yield of biscyclohexyimethylamine (VI) (identified as the 
hydrochloride), previously obtained by Winans and Adkins (ibid., 1933, 55, 2061) from cyclo- 
hexyl cyanide 


Twelve amidines (V) were obtained by fusion of a mixture of ylammonium 
b Iphonate or the corresponding toluene-p-sulphonate with cyanides of the types 
mentioned above. Temperatures between 180° and 250° for from 0°75 to 6 hours afforded 

honates, tol Iphonates, or picrates. A by-product in the preparation of 
(V; Re = »-C,,H,,) was the corresponding amide, 
Results of bacteriological and other examinations of these compounds will be reported elsewhere 
in due course. 


EXPERIMENTAL 
4-Diphenyl Bensenesulphonate (A), 


x. 6-8%) (Hubner, Annales, 1882, 


mixing ivalent amounts of 
N, 43. juires N, - 
plates, Found” N, 6-9. 
does not a p.). Diphen 
alcohol), m. p. x, 42. Cale” bee 
. Soc., 1932, 64, 670, give m. p. 246-6—247-6"). 
N-4- Diphenylylacetamidine —A mixture of 4-diphenylylammoniam benzenesulphonate hag g.) and 
methyl cyanide (15 c.c.) was heated in an autoclave for 5 hours at 180° (bath-temp.). reaction 
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was triterated with methanol-ether (1: 10), and the residue extracted with boiling water (2 |.). 
of the filtrate at 0 (ice) liberated the amidine which was filtered off, washed with ice-water, 
and dissolved in alcoholic of of the 
Som gave hydrochloride as white plates, m p 180— , 12%) (Found: N, 
> N, 11-46%). The amidine crystallised from | 
(Found: N, 134. requires N, 1 
from aqueous met il or acet light petroleum in orange needles, m hich and not 
lose water of crystalliation even when dried at 115° (Found N, 152, 15-0. CyH N,.H,O requires 


refluxed for 6 rs at 220° (bath). Trituration of the cooled reaction product with ether gave the 
(36 g.. 54%) crystallising from water in plates, m. p. 
OLN, 5 requires 6-6 The amsdine formed flat ‘from light petroleum (b. 
(Found: N, 102 C,,H,N requires 10-35% The bydrockloride separat 
hy rochior« (Gx as needies. m. p 232° (Found 925. C,,H,N,CI requires N, 925%). 
n-Hepty! Cyanide mixture of bromide (36 g.), potassium (20 g.. 1-5 mols.), and 
um iodide (1 g ) was stirred in ethylene glycol (80 c.c.) at 140° (bath) f for 4 hours. The solution 
was diluted with water and extracted with ether. Distillation of the dried (8a,80,), —- gave 
— cyanide (21-6 g., 86%). b. p. 102--105°/27 mm. (Newbery and Webster, /., 7, 738, give 


111° /37 mm) 
bo: Dipteaptplomidine-n heptane — A mixture of n- yl cyanide (11 ais.) ) and (4) (10 g.) was heated 
at 220° (bath) for 6 hours. Dilution with ether afforded the bensenesulp 
158--159° (Found: N, 60, N, 
hone petroleom (b. p. 60—90°)), m. p (Fond: ‘sett 


The Aydroc ted from water in plates, m. p. 159-—160° (Found: N, 60, 82. 

.H,O requires N, 8-0%) 
doaphplonetdine-a- Aesadecane.—-A mixture of (A) (9 g.) and m-hexadecy! cyanide (13 g.) was 
heated at "300 for 45 hours. Treatment of the cold reaction mixture with met ipitated 
aol pe m. p 


(2-5 g., 22%), crystallising from methanol in . 
141-142" (Found: N. 37. Cy,H requires N, 33%). The filtrates on dilution with water and 
tion of 1-4 -diphenylylamiudino- n-Aexadecane benzenesulphonate at the interface (5 
139°, crystalliasaing trom aqueous methanol in needles or plates, m. p. 141-—143° (Fou 
wlt,O,N,5 requires N, 48%). A solution of this salt in methanol was treated with cold 
methanolic potasssum hydroxide solution, and then diluted with water, affording the amidine, Ss rystallis- 
ang from light petroleum (b. p. 40-70") in plates, m. p. 118-119" (Found: N,@4. C,H requires 
N, The prerate separated as yellow plates from dilute alcohol, m. p. 113—114° N, 
107 H,,O,N, requires N, 10-89%) 
Cyanide A sclstion of eyelopentanone cyanohydrin (20 g.) in chloroform (40 c.c.) 
was treated with thiony! chioriae (30 c.c.) at soch a rate that cathe ebullition took place. The solution 
was then refluxed until evolution of gases had ceased (3 hours). Distillation gave cyclopent-l-eny! 
cyanide (13-5 g., 80-56%), b. p. 62°/15 mm., J., 1934, 956, give 674%, 
b. p. 69°/15 mm.) 

1-4'- Diphenylylamidinocyclopent-l-ene —A solution of 4-diphenyly ulphonate 
(13 g.) in eyelopent-l-enyl cyanide (13-5 g.) was heated for | hoer at and a rat 180°. 
The dark reaction product was triturated with ether to remove a cyanide, and the residue 
extracted with boiling water. The aqueous extract, on cooling, gave cc rless plates of the amidine 
soluene-p-sulphonate, m. p. 216-—218° (decomp.) (Pound: N, 6 CygH N,5 requires N, 
free amidene crystallised from ligroin (b. p. 90-—120°) in needles, m.p 166—1 166 lFound: N 

requires N, 10-79%). The Aydrochloride formed rhombic plates (from water), m 

N, #5. requires N, 04%). The picrate separated from acetone-light 
in yellow prema, m. p. 147-148" (decomp. ) (Found; N, 13-7. ON, requires N, 14-25%). 

1-4). yclohes-l-ene.-A mixture of 4-diphenylylammonium toluene-p- sulphonate 
(34 g.) and eyelohex-l-eny! cyanide (22 g., 2 mols.) was heated at 200-——210° for 2 hours. The cooled 
melt was triturated with acetone and ether, and the residue (37 g., 83%) crystallised from methanol- 
ether as white needles, m 248° (22 g., 50%) of the amuidime toluene-p-sulphonate (Found: N, = 
requires N. 63%). The free amidine separated light. petroleum (b. p. 60-90" 
clusters of white needles, m. p. 141-142" (Found: N, 10-0. requires N, 10-1%). 
formed flat needles (from 5x-hydrochloric acid), m (dec omp ) (Found: N, 

H,,N,C! requires N, 9-09), and the bensenesulphonate was in feathery needles, m. p. 

| decomp (Found: N, 68. C,.H,,O,N,5 uires N, The picrate separated from 

light petroleum in yellow needles, m. p. 184—1 (Found 7. CygliggO,N, requires N, 
13.8%) 

cycloMery! Cyanmde —Instillation of the product obtained by hydrogenation of cyclohex- l-enyl 
cyanide (13-5 g.) in methanol (200 c.c.) using a platinic oxide catalyst gave cyclohexyl cyani 
(5 g., 31%), b. p. mm., 146543 (Grignard, Bellet, and Courtot, Ann. Chim., 368, 
give O%,, b. p. 75-—77° 16 mm., wf 1-453), followed by biscyciohexylmethylamine, b. p. 160°/16 mm., 
which gives a hydrochionde, m. p. 203° (decomp.), as rhombic plates from dilute hydrochloric acid 
(Found: C, 687; H, 11-3; N,@1. Cale. for C NC]; C, 684; H, 11-5; N, 56-79%) (Winans and 
Adkins, J]. Amer. Chem. Soc., 1933, §§, 2061, give b. p. 150-——155"/14 mm. for the base and m. p. 208—~ 
200" for the salt) 

1-4°- yclow cyanide (5 4-diphenylammonium toluene- 
p-sulphonate (12 ¢.) vet was taken up im methane 
and treated with ether, giving the di iPhonate m. p. 200-205 
crystallising from in colourless prisms, m P- (Found 50. $ 


req 
g 


The Apparent Polarities, etc. 1829 


3%). 96—100 ) in tufts of needies, 
N, 10-0. 10-1 wed 


tor _Trestment of the cooled mixture wi 


th acetone ga 
46%) crystallising from water as lustrous m. : 
needles, m. ou requires 
from i in colourless crystals, m. (Found spare 


hloro-N-4'-diphenylylb idine.—Fusion of p-chloropheny! cyanide (2:5 g.) and 4 
mixture with methanol and ether gave the amsdine toluene-p 
isopropanol or water in plates, m. p. 266--267° (Found: N, 59. C,,Hyy uires N 
The free amidine 17° N, 
requires N, 91%). The Aydrochloride formed rhombs (from alcohol m. p- 279° 
wns at 220° rs. Cooling and trituration with acetone 
52%) ——- trom water in plates, m. p. 232-234" (Found: N, 60. C,,H,.O,N,5 requires N, 
from ethy! acetate in lustrous plates, m. p. (Found : N, 00. 
* (decomp.) (Found : 7-7. Cy,H,,ON,CI bee py 7-9%). 
3: &-Dimethoxy- N- -diphenyly lbenzamidine 4-Dimethoxypheny! 


Iphonate (5-1 ok 00" for bonne. 
cooled ‘melt afforded the toluene 77%). crystallising jon ‘ 


(5-8 
colourless rhombs, m. p. 217-—218° (Found : requires N, 5-6 
from chloroform—light (b. in needles, m. p. 207° (Found: N, 
requires N, 84%), and the | formed needles, m. p. 230-232" (Pound ; 
N, per 1,2H,0 requires N, 6-9%). 

-Diphenyly midine.—A mixture of (2-5 g.) aod 
RE for 0-75 hour. The cooled melt was extracted with 
c.c.), ont the insoluble benzenesulphonate (1- 34%) filtered off and crystallised 20%). 
forming colourless rhombs, m. p. 250—251° N, 5-8, requires 


The methanolic filtrates on treatment with methanol: ydroxide gave the amidine (0- oa £-. 


22%), separating from alcohol in Found 


m. p. 216—217° (Found N, 6-8, 6-75. Coss, 
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370. The Apparent Polarities of a Number of Substituted Chloro-, 
Nitro-, — Methoxy-, and Acetyl-benzenes. 
By (Mxs.) C. G. Le Fiver and R. J. W. Le Paver. 


1 dipole moments, in benzene at 25° (refractivity method), of some 19 substances 
are aoe When the aromatic nucleus has three or more substituent groups the molecular 
polarities cannot be predicted accurately or explained generally by any one alone of a number 
of qualitative treatments, already described in, or indicated by, literature. 

Barclay-Le Feévre relation (/., 1050, 556) is found to provide, from data for benzene 
solutions, @ satisiactory estimate of the moments, as measured in the gaseous state, of 
anisole and acetophenone. 


Kapescu anp WELLER (J. Amer. Chem. Soc., 1941, 68, 1310) have reported the dipole moment 
of acetylmesitylene as 2°71 p. and attributed the difference between this figure and that found 
by them for acetophenone, viz., 2°88 p., to steric inhibition of mesomerism (cf. Birtles and 
Hampson, /., 1937, 10; Ingham and Hampson, /., 1939, 981). The purpose of the present 
communication is to put on record a number of determinations, of which that for acetylmesitylene 
was one, started at University College, London, during 1935—39, to compare the moments 
of various monosubstituted benzene derivatives with those of derivatives which, by crude 
vectorial arguments based on a regular hexagonal C, skeleton, should have had the same values. 
The work was originally suggested by suppositions (Le Févre and Le Févre, /., 1935, 957) which, 


Compound. 


Anwole 
3-Methy!- “butylamsole, 
Nitroanisole 


Trinitromesitylene ...... 
5-tert.-Butyl-m- xylene 
2:4: 6-Trinitr t-butylm-xylene .. 


ee 


facta Sec., 


Picry! chloride 


+ Meth lacetophenone 


2. 4: 6-Trimethylacetophenone .... 

3: 5-Dinitro-2  6-dimethy!-4-¢ert - butvi- 
acetophenone on 


Nitrobenzene aves Trans. Faraday Sec., 
lose, 46,1 

1.3: ... . 1935, 057 


2 5-Dichloronitrobenzene esent work 
* From Landolt- Tabeilen,”’ 4th Edn., p 
asterisked datum, by using the group refractivities listed Nd Vogel, J S42 
* Cale. from figures for anisole and nitrobenzene, whis't i, = 262 and H = 1-1. 
* Thomson, / , 1044, 404. * Tiganik, Z. physthal. B, 425. 


Comparison with Previous Measurements.—Nitro- and chloro-benzene have been frequently 
studied (cf. Cleverdon and Smith, Trans. Faraday Soc., 1949, 45, 100; Le Févre, ibid., 1950, 
#6, |, for references). Where several of the remaining compounds are concerned previous 
data were not always consistent; these cases are summarised in Table II and may be compared 
with our values, shown by asterisks. It should be noted that, in our calculations, we have used 
the latest values for Avogadro's number and Boltzmann's constant (Birge, Reports Prog. Physics, 
1941,8. 126; /., 1946, 219). The conversion of earlier dipole-moment values to our basis requires 
multiplication by 1006. 

Discusson.—-In a general way it is obvious that substitution in the positions ortho- to groups 
such a8 methoxy, nitro, etc., may effect the configurations of the latter and so, by induction, 
inhibition of resonance, or valence deflection, influence the resultant molecular moment of the 
derivative. Much more experimental evidence will be needed before the “ weights "’ of these 
causes can be assessed, and the position at present is still as stated by Watson (Ann. Reports, 
1930, 36, 215; 1942. 38, 124) in the concluding paragraph of his review of the various 
manifestations of the  ortho-effect."" Indeed, where the polarities now recorded are concerned 
there are two further complications: (@) that recent work (Bastiansen and Hassel, Acta Chem. 
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after the appearance of Hampson's papers, seemed much less necessary. Our results may, 
however, have a residual usefulness. They are given in Table | below, together with figures 
for a few related substances. Benzene has been the solvent throughout. 
Taste I. 
a P P 
(A) Anmtsole series. 
S60 396% 475-4 45, 
“Musk Ambrette" ......... 3153 6737 248-0 34, 
(B) Toluene series. 
2:4: 6-Trichlorotoluene . mit 
2: 4: 6-Trimitrotoluenc 4877 13, 
Nitromesit ylene 320-4 37, 
705 502 (O7,) J.. 1935, 967 
45 86 552 (O-2,) 1935, 488 
722 J., 1935, 957 
(C) Chlovobenzene series. 
4#Dichlorobenzene . 16 (0-27) 
1: 3: &-Trichlorobenzene 428, 4008 19, 
1-Chioro-2 : 4-dinitrobenzene ............... 2582 4307 215-2 3-2, 
(D) Acetophenone series. 
255-2 2143 3-2, 
200-9 1501 2%, 
228-2 748 153-4 2-7, 
298-9 405 152-1 
Noitrobeusene sertes 
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Scand., 1947, 1, 489; cf. Angus, Bailey, Hale, Ingold, Leckie, and Raison, /., 1936, 971) suggests 
that valency deflections above or below—as well as in—the C, plane may occur when adjacent 
positions are highly crowded, and (6) that, especially with s-trinitro-derivatives, the 

* method of calculation, applied in Table I, fails to make adequate allowance for 
the atomic polarisations (cf. Sutton, Ann. Reports, 1940, 87, 57), so that for the | : 3: 5-trinitro- 
derivatives of benzene and mesitylene apparent moments ce. 07 D, are indicated. Yet if this 
figure be applied as a “ correction " in the cases of picryl chloride, T.N.T., trinitrobutylxylene, 
and trinitroanisole, only with the last is there no excess over the moment of the un-nitrated 


Solvent Influences with Anisole and Acetophenone.—The moments of these two molecules 
have been determined in the gaseous state by Groves and Sugden (/., 1937, 1782; /., 1935, 971) 
as 1:35 and 3°00 p. respectively. From the worked example (ether) shown in the 1937 paper 
it seems that these figures, before incorporation with our present data into uy gusion "gas Tatios, 
should also (see above) be multiplied by 1-006. After this adjustment, they become 1°36 and 
3-02 b. 
Taste 
Anisole, 1-164, 123%, 1-224 128%, 190°. 
Nitroanisole. 436°, 4-74*, 482°. 
0-57, (0-6,) *. 


initrobenzene. 3-20, 3-00 3.2, 
A 2:07 2.88 2-96, 
lacetophenone. 
@Trimeth 271%", 2-81 *, 2-79 °. 
1; 3-Dinitrobensene. 02 3-70" 3-818 3-78" 3-06" 
2: 5-Dich) i 246" 34, 
Estermann, Z. sihal. Chem., 1928, B, 1,134. * Hejendahl, Thesis, Copenhagen, 1926, p. 105. 
Donle and Volkert, on 1930, B, 8, 60. * Phadke, Gokhale, Phalniker, and 
Indian Chem. Soc., is Everard and Sutton, J., 1949, 2312. * Ref.2,p.106. * Donle 
and Gehrckens, Z. physikal. —, B, 18, 316. * Cowley and Partington, /., 1033, 1258, 
* Maryott, Hobbs, and Gross, gots yore Soe... 1940, 62, 2320. ” Hammick, New, and Williams, 
z: 1934, 20. ™ Brown, de , and Gross, 7}. Amer. Chem. Soc., 1934, 66, 1201. ™ Tiganik, 
hysthal Chem., 1931, B, 18, 425. ™ Hassel and Naeshagen, ibid., p. 70. ™ Litgert, ibid., 1932, 
7, 460. ™ Hassel and N . ibid., 1929, B, 4,217; Hassel and Uhl, sbid., 1930, B, 8, 187. 


Poche and 190m 22. 1. Kadesch and Weller, Amer. Chem. Soe., 
1310. ™ Cherrier, rend., 1947, 225, 1306. Everard, Marsden, and Sutton, 
1940, 2057. ™ Ref. . Wilhams, Physikal. Z 20, 174; Williams and Sch 

. Amer. Chem. Soc. 8, 50, 362. ™ Ref. 12. * Higasi, Bull. Inst. Phys. Chem. Res. Japan 
218. ™ Ref 13. ™ Thomson, J., 1944, 404. 


III. 


As a further test of its usefulness, the Barclay-Le Févre relation (/., 1950, 556) has been 
applied (Table III) to anisole and acetophenone on the assumptions that both molecules are 
planar and that presaitent bisects a C-O-Me angle of 110° in one case and acts collinearly with 
the C=O link in the other. Details are explained in the reference just cited; (nj, My, is taken 
as 2°2417. 

Agreement between prediction and experiment is satisfactory. With the exception of 
certain amines (cf. Barclay and Le Févre, Trans. Faraday Soc., in the press) these are the first 
structures having moments off an axis of symmetry, upon which the new equation has been 
tried. 

It will be noted that — Hees) #8, for anisole, — 0°06, and for acetophenone, — 0°13 b., 
viz., approximately as 1:2. According to Leiser (Abh. Disch. Bunsen-Ges., 1910, 67) these 
two substances have electric double refractions related as ca. 1 : 57, so that—as with aniline 
(Le Févre, Roberts, and Smythe, ]., 1949, 902) or methylene dichloride (Barclay and Le Févre, 
J.. 1950, 556)—-neither the sign nor the magnitude of this property is necessarily a good guide 
to the type of solvent action to be expected (cf. also, Le Févre and Ross, J., 1950, 283). 


EXPERIMENTAL. 
Materials —Unless otherwise stated, these were commercial specimens. was dried over 
phosphoric oxide and distilled; it had b. p. 153—154° /ca. 750 mm. + Methyl-b-tert -batyienisole, from 


Nitromesitylene. 3-67, 3-64", 3-7, * 
1: 3: 5-Trichlorobenzene. 0-31 * 
Exp. (pene). Calc. found. 
15147 0 664 1-30 136 1-36 
Acetophenone 5808 0 590 2-89 3.06 3-02 
| 
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wobutyl bromide, cites, 006 Bev. £5, 1600, 
collected at 220--226'/7558 mm. p-Nitroanisole, crystallised from 
2 4: @-Trinitroanisole, from picry! chloride and sodium methoxide 
2230), had m 68° after two crystallisations (methy! —— 
DBP. 62,362; for constitution see Fuson al., Org. Chem., 
had m. p. 83°. 2:4) 6-Trichlorotoluene, 
, 1902, 1335), had m. p. 33° after distillation Sane at Le Feéevre 
1933, 940) ymene and had b. p. 163-164", 0 nif 1-4960 prepared 
the method of ig. Synth., 14, 68, had m. p. 44° (from methyl alcohol) T.N.T., recrystallised from 
ric acid and subsequentiy from a benzene-ethanol mixture, melted at 82°. Baur's directions (Ber, 
1801, 84, 2840) afforded 5-tert_-butyl-m-xylene, b. p. 203°/759mm. Trichlorobenzene, m 
obtained trom 2. 4. 6-trichloroaniline Amer. Chem. ]., 1896, 18, 1-Chioro- 
2. 4-dinitrobenzene had m. p. 0-51" (from ether) ryl prepared from acid by the 
method of Gazzolo and Jackson (Amer Chem. /., ieee. , Se: and Horton, joc. eff.) and 
recrystallised from ligroim, had m. p. 83°. Ac over chloride, was distilled 
immediately before use, and had 4 mm '4-Methyl from etc. 
(ef. Adams and Noller, /. Amer. Chem. Soc, 1924, 4, 1589), was treated similarly to the previous 
substance, and had b. p. 225°/736 mm. Trimethylacetophenone (Noller and Adams, Joc. cit.) had 
b. p. 123°/20 mm. Dinitrodimethy!-tert.-butylacetophenone was a specimen of “ Musk keto~e " with 
m. p. 136-—136" (Baur, Ber, 1808, $1, 1344, gives 136") after successive crystallisations from acetic acid 
alcohol. 3-Nitro-4-methylacetophenone, prepared by direct nitration (cf. Errera, Gazzetta, 1891, 2], 
@2), had m. p. 61° (from _ troleum). 1: 3-Dinitrobenzene had m. p. 89-90", and 2 : 5-dichloronitro- 
benzene, m. p. 55-56 from alcohol; ef. Cohen and Bennett, /., 1905, 87, 322, for the second 
compound). Benzene (as solvent) was AnalaR material to which sodium wire had been added, and 
one-third frozen, decanted, remelted, and left for 2 days before use 
Measurements. —-These have involved the tesonance circuits of Le Févre and Russell (Trans. Faraday 
See., 1947, 48, 374). and the simpler arrangement now in use in 5 {et Calderbank and Le Févre, 
1948, 1949). Data are set out below under the usual symbol * Dipole Moments," Methuen, 
938, Chap. II). Those cases where the concentrations are shown as ro fractions (/,) are our earliest 
observations, taken in 1935-36. For uniformity, we have calculated constants and densities 
relatively to benzene 2-2725 and 6-87378). When ae, non-rectilinear 
with composition, the extrapolation procedure of Le Févre (Treas 1950, 46, 1) has been 


Anisole p-Nitroanisole. 
1223 ise! 2551 5692 Olas 1025 1046 2543 Bilé 3186 
22033 423067 23171 23727 24389 24434 24471 27001 2-7082 

. 087533 O-88540 © S7619 O-87625 O-87976 O-88110 O0-88128 
655, 679, 665, 661, 66-7, 4982 864983 467-2 
Mean at, ~ 1-76,; mean fd, ~ 0-127, (ato, 16-5, ; 

imately constant, mean = 0-2353. 


4: Trimstroanisole 3. Methyl-5-tert.-butylamtsole. 
2622.5 8002-3 13,160 14.501 11.462 15.144 
2.2882 23211 2-3532 2 360s 2 3053 2.3166 
O87650 O85345 6889993 050164 087608 087694 0 -97006 
im? 133-2 6-8 96-1 95-9 


P, (graphically) « 1394-6 Mean at, ~ 2-85,; mean Bd, 0-208,. 


-butylanisole (“ Musk 
Ambrette 2: 4: 6-Trichlorotoluenc. 
27,224 46,115 45.047 60,547 12,135 20,661 
25121 2-5278 241! 22757 2-2765 2.2703 
088570 0 $8850 O-S9168 0- 87686 O-87756 88022 
(ee) sila woe wel 48 55-0 

(ate, 498 graphically; mean fd, 0-260, — = 03281; 
ite, = O311,. 


2.4) Trimtirotoluens. 


Isa3 3220 
22786 22822 2 2886 
87506 ©8800 1 
86.8 86-2 
~ whence P, $7-2, cc 


Nitrome sitylene 
2591 2613 
” 23658 2 
Py 3251 3127 431 


Mean as, ~ 9 -14,; mean Sd, 0-164,. Mean as, ~ 0-120,; mean fd , = 0-326,. 


| 
4 ey, 
} . 
P, (e.c.). 
4 
| 
Mesutylene. 
2-2703 
2098 
S063 
42-7 
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1-Chloro-2 4-dimstrobenzenc. Preryl chloride. 
.. 6215 7316 8241 9918 2265 3216 6197 6205 
©-87624 087669 0-87705 087771 ©8760 O8784 0-8829 
{e-c.) 253-1 296-5 256-5 255-8 (e.c.) 710 73-6 774 73-8 
Mean at, ~ 5-79; mean Bd, =~ 0-396,. LiP whence P, 
= 
Acetophenone. 4- Methylacetophenonme. 
... S012 1956 2113 3202 3301 ies - 11,312 
23342 «424314 24304 25255 25333 23421 23602 24111 
0-87666 O-87815 087829 @87474 0-87569 
(€.c.) 211-7 208-3 205-7 202-2 201-9 25146 250-1 247.8 


Mean of, 8-08; mean pd, = 0-136, 


3. 5-Dinstro-2 6-demethyl-4-tert.- 
2: 4: 6-Trimethylacetoph butvlac etophenone. 

10%, ... 9081 11,561 12,889 13,102 21,951 32,501 wh +» 3801-0 6525-0 12,777 14,119 
23225 2-3335 23415 23426 23823 2.4448 2-3622 2-4058 2-4302 
O-87432 087460 0-87473 0-87475 0-87538 0-87628 O-88161 O-88550 0-88762 

fcc.) 2026 20013 211-1 2109 1900 2053 (c-c.) 2255 2236 2231 


aw P, (graphically) 228-2 c.c. 
* The benzene used had np 1-49733, 


3. Nutro-4-methylacetoph 1 : 3-Dintivobenzene. 
3605-4 7689-6 6176 9018 10.209 16,927 19,957 
0-3348 3451 23001 24065 ...... 23333 23614 23741 244602 2-4705 
0-87560 87593 0-87758 H 0-87500 ©-87689 O-87733 0.87967 0.88075 
920-9 287-8 2820 281-4 ,(cc) 308 3383 336-1 333-9 331-8 
P, (graphically) 298-9 c.c. = O80; (Bde, 0340,, 


(Both by graphical extrapolation.) 
2 : 


10,123 12,105 17,501 25,131 30,021 
23416 23548 2-3808 2.4376 2.4673 
0-87764 0.87840 88046 0-88337 088524 

278-4 276-6 270-9 263.1 258-5 


(aty)e,<¢ 7-01 (graphically); Sd, (average) 0-381,. 
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371. Contributions to the Chemistry of isoQuinolines. Part I]. The 
Synthesis of Chloro-amino-phenylisoquinolines in a Search for New 
Trypanocides. 

By A. McCovuprey. 
In furtherance of earlier studies (/.. 1949, €06) and by similar methods, 7-amino-1-p- 
been synthesised. 


Iw Part I (J., 1949, 696) it was shown that nitration of 3 : 4-dihydro# inoli introduced a 
nitro-group at the 7-position. This substitution appeared to lend itself readily to the synthesis 
of 7-chloroisoquinolines which are of interest in view of the occurrence of the p-chlorophenyl 
group in a number of biologically active products. 

The required 3 ; 4-dihydrotsoquinolines were obtained by Bischler-Napieralski cyclisation 
of the requisite carboxyamides in toluene or tetralin by means of phosphoric oxide, viz., p-chloro- 
benzo-2-phenylethylamide to 1-p-chlorophenyl-3 : 4-dihydrotsoquinoline, N-p-chlorobenzo-2- 
p-chlorophenylethylamide to 7-chloro-1-p-chlorophenyl-3 : 4-dihydroisoquinoline, N-p-nitro- 


(1950) 1833 
They showed no noteworthy ; | activity. 
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benzo-2-p-chlorophenylethylamide to : 4-dihydrotsoquinoline. In 
addition, was cyclised to 1-(4’-chloro-3’-nitro- 
phenyl!)-3 : 4-dihyd line during investigations into the structure of nitration products. 

Nitration of \-p-chlorophenyl-3 : 4-dihydrotsoquinoline under mild conditions has been 
found to cocur at the 7-position since reduction of the prodact to the amine, followed by a 
Sandmeyer reaction, gave 7-chloro-1-p-chlorophenyl-3 : 4-dihyd i identical with 
the product of cyclisation of p-chlorobenzo-2 -p-chiorophenylethylamide Further nitration 
introduced a second nitro-group to give a product, also obtained in one step by use of a stronger 
nitrating mixture, identical with the nitration product of 1-(4’-chloro-3’-nitropheny!)-3 : 4- 
dihydrotsoquinoline, thus establishing the point of entry of this second nitro-group 

The 3 : 4-dihydrotsoquinolines were dehydrogenated by palladium black to the isoquinolines, 
which were either reduced to the corresponding amines, or were methylated, before reduction, 
to give the corresponding quaternary salts. 1-p-Aminophenylisoquinoline (Gilman and Gainer, 
J. Amer, Chem. Soc., 1947, 68, 1946) and its methiodide were similarly prepared from 1-p-nitro- 
phenylssoquinoline 

None of these bases or quaternary salts showed noteworthy activity against Trypanosoma 
equiperdum, T. congolense, or Entamarba histolytica 


EXPERIMENTAL. 
p-CAlorophenylethyiamine — yipropionic acid . J., 1930, 976) (80 g) was 
refluxed with thiony! chloride (8) c.c.) for 3 hours and excess of thionyl! chloride was r under 
redaced pressure —- A was added portion-wise to a stirred solution of sodium azide (56 g.) in 
30%, acetone (1 1.) maintained at 0", and the mixture, which ated into two layers, was extracted 
with benzene. The benzene extract was hly dried (C at 0° and was then refluxed until 


nitrogen evolution ceased. Hydrochloric acid (d 1-16; 8 c.c.) was added and refluxing a 
until carbon dioxide evolution ceased. The amine hydrochloride which separated was 
The extract was dried (K,CO,) and 92-8%), b. p. 125— 
130°/10 mm. Buch (/ yn "hom Soe 1933, 56, ) obtained a 50% yield by c ytic reduction 
of carbomethoxy-p-chioromandelonitrile tolmene- iphonate from alcohol in white 
plates, m. p. 235° (Pound: N, 42; Cl C,,H,,O.NCIS requires N, 45; Cl, 11-5%) 
N-Acyl-2-phenylethylamides —2-Phenylethylamine. or its p-chloro-derivative (1 mol.), was dissolved 
in 50% acetone (20 parts), and the a jate acid chloride (0-6 mol.) added in small portions with 
shaking and cooling. 2n-Sedium h (1-5 equivs.) was added and a further quantity of the acid 
chloride (0-7 mol.) added portionwise as before. solution was diluted and filtered and the product 
from ethanol. The following were thus p (yields in parentheses) 
ophenylethylamide (72%). m. p. 148° (Found N, Cl requires N, 9-2 
p-<Alorobenso (74% mip. N, 48: Cl, 23-8. 
CyH yONCI, requires N, 4-8; Cl, 241%) 193°, was “isolated as an 
insoluble by- uct (Found "23-6. “Cale. for 24 in Frankland, Carter, and 
Adams, /., 1912, 101, 2470; Oden, Chem 1919, I hh. Alorobenz0-2-phenviethylamide 
(78%), m 134° (Pound: N, Cl, 136 wONC! wires N, Cl, 13-7%). and 4-chloro-3- 
(4454), m. p Weed CL requires N, 
Cl, 7 
molomes —The carboxyamide (1 ) oxide (5 
were refluxed in tetralin or toluene (25 parts) for 30-45 minutes eh uct was decom 
water, the aqueous layer and tate crystallised or distilled The 


following were thus (yields in yi-3  4-dthydroisoguinoline (90% 
(Found: N, Ch, 146. NCI requires N, 5-8; Cl, 14°79) [Aydrochloride, white plates (from 
alcohol), m 235-237" (Found: N, #8; Cl, 265. wy N, 50; Cl, 25-6%)); 
4-dihydroisoquimoline (32%), m. p 65—66", 180-185" (bath- 
a | } 0-05 mm. white prisms from light petroleum (b. p. 80—100°) (Fou hy 6&1; Cl, 262 


Cull Ci, 26-79%) white plates (from alcohol), m. p. 237° (Found 
¢ HCI requires N, 45; Cl, 34-09%); 4-dihydro- 
yellowish prisms (from ethanol) 148° (Found: C, 62-9; H, 40; N, 
oo H,,O,N,C! requires C, 62-8; H, 3-8; N, -3 +dihydro- 
(48%, as picrate), b. p. 200--210° (bath-temp.) 0-2 mm [pPrerate, yellow prisms (from acetone- 
alcohol), m. p. 196° (sinters at 170°) (Found N, 13-8, Cl, 7-1. Cy,H,,0,N,Cl requires N, 13-6; Cl, 
60%)). The base was ated from the picrate (3-6 g ) by shaking this salt with ether and saturated 
aqueous lithium hydro: and was obtained as an 0.) (2-1 g.) which slowly solidified at 0° to a pale 
yellow solid, m. p. 62-63" 
was dissolved in nitric acid (d 1-4; 25¢.c ) and nitric acid (41-5; We.c slowly 
and the solution set aside overnight. The solution was poured on ice and basified, and the precipitate 
filtered and crystallised from alcohol in pale yellow prisms (46 g., 77%), m. p. 137° (Found. C, 62-8; 
H, 38. Cyst, requires C, 63:1, H. 41%). The prerate cr from alcohol in yellow 
needles, m. p. 160-170", then solidifying, and remelting at 191° (Found: C, 401; . 28, 
Cy, requires C, 48-9; H, 27%) 
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(1-2 g.) was dissolved in sulphuric acid (4 1-84; a potassium nitrate 

“5 g.) in sulphuric acid (d 1-84; "The precjtatedsnoywolid The mixture was set aside overnight and 
was filtered off and 


basified. rystallised from 

alcohol needles (1-5 g., m. rey Cc, 43; 30; N, 129. 

C,,H requires 543. N.1 ‘The purate crystallised from acetone in yellow 
214-215" (Pound: N, 148; 


prisms, cl, C,H requires N, 156-0; Cl, 63 


in (4). The uct crystallised 
-nitrophenyl)- line (1 g method described 


in (A). The product crystal yellow aa! 
on odubenene with the uct trom { (A). tbe picrate had m. p. 214—215° 
on admixture with the above salt. 

4-dihydroi line. —7-Nitro-1-p-chlorophenyl-3 | 4-dihydrossequino- 

line (5 g.) was refluxed in 5y- hydrochloric acid (120 ¢.c. ) while iron dust (14 g.) was added portion-wise as 

ly as possible. The mixture was refluxed for 1 hour, crystals separated on cooling; these were 

»ived and the solution was b d with ammonia and filtered. The residue was repeatedly 
extracted with hot alcohol, and the extract was evaporated to smal! bulk, diluted with water, extracted 
with ether, and dried cedics, mp. 185" (Found | 110; Cl, 18. requires 109; 
alcohol in pale yellow needles, m. p. 183° Lyd N, 110 13-8. C,,H,,N,Cl requires N, 10-0 
Cl, 13-90%). The dthydrochloride crystallised from alcohol in greenish prisms, m. p (Found: C, 
54-6; H. 47; N, 86: Cl 31-8. requires C, 546; H, 46; 85: Cl, 32:3 ) 

Proof of ‘the Structure 4 —7-Amino-1-p-chloro- 
4-dihydrossoquinoline Ginydrochioride (1-25 g.), dissolved in 2n-hydrochloric acid (6 c.c.), 
was diazotised at 0° with sodium nitrite (03 g.) in no (2c.c.). After 15 tes the was 
poured into a solution of cuprous chloride (1 g.) in hydrochloric acid (d 1-16; 20 c.c.) at O°. Nitrogen 
was evolved rapidly and the solution was heated at 60° for 15 minutes. Excess of aqueous ammonia 
was added, the solution extracted with chloroform, and the extract washed with water and dried. The 
product was distilled Ly 180 190° (bath-temp.) /0-5 mm.) and the distillate converted into the hydro- 
chloride (0-5 g.), m. 236—237°, which showed no on admixture with 7-chloro-1-p-chioro- 
phenyl-3 é-dinydrotsoquiacline hydrochloride, m. p. The regenerated base had m. p. 64-—65° 
Showing with athens’ mater The ate crystallised from alcohol in 
yellow prisms, m. p. 152° (Found: N, 11-3; Cl, 13-0. C,,H,,O,N,C), requires N, 11-1; Cl, 141%). 


108", no depresmon 
no depression 


Dehydrogenations.— The dihydro-base was intimately mixed with ies of palladium black and heated 
in 1-g. portions for an a@ te time and temperature indicated in parentheses. The melt was 
powdered, extracted with hydrochloric acid, and filtered, and the filtrate was basified. The precipitate 
was crystallised from elouhet-anstene. Yields are indicated in parentheses. The following were thus 
obtained : 7-Nitro-1- te isoquinoline (210-——220°; 2 minutes), yellow needles m. p. 
209° (Found 63 N, 08. Cy,H,O,N, CI requires C, 63-3; H, 3-2; N, 98%); 7-chloro- 
1-p-miulroph (210-—215° ; 10 minutes), yellow needles (44%), m. p. 176° ‘(Found C, 63-3; 
H, 3-3; N, ton” H,O,N,Cl requires C, 63-3; H, 32; N, ‘and 
phenyl)isogusmoline ( brows nestles (48%), m. p 221° (Pound: N, 12-0; Cl, 105. 


C,,H,O,N,Cl requires N, 12-8; Cl, 108 %). 

* Quaterns isations.—The base was dissolved in nitrobenzene at 150°, muthy! sulphate (2 mols.) added, 
and the mixture allowed to cool. The solution was diluted with ether and extracted with minima! 
amounts of water, and the methiodide precipitated by of of Thus 


were obtained 7-ntfro-1-p-chlorophe d m. p. 228—229° 

(decomp.) (90%) (Found: N, 67; 20-8. C,,H,,O,N,CH ), -chloro-V-p- 

hen ylisoguimolime methiodide, needles (52%), m. p. (decomp ) ( ound: N, 68. 

CH requires N, ) methiodide, yellow prisms (79%). 
p. 244° (Found : N, 7-1 "7. CygHy,O,N,l requires N, 7-1; 1, 32-4%) 

—(A) The nitro- (1 part) was dissolved in boiling 5y-hydrochloric acid 


(25 parts), iron dust (3 parts) added as rapidly as possible, and the mixture refluxed for | hour. The 
hot solution was filtered and the filtrate fied with excess of aqueous ammonia and filtered, The 
residue was extracted with hot alcohol, and the extract evaporated to smal) bulk and diluted with water. 
The base was taken up in ether and prec ipitated | as the dihydrochloride which was crystallised from 
methanol. Thus were obtained 7-chloro-1-p dine dihydrochloride, red needles (78%), 
m. p. indefinite (softens at 250°, opti ‘and remelts at 288—290" ) (Pound: C, 52-0; H, 46; N, #2, 
loss at 100°/1 mm.,49. C,,H,, 62-1; H, 43; N, loss, 5-2 pis (the base 
crystallised from light p. in ellow needles, 112—113" 
71; H,45; N,113 Hi requires C 70-7; 43; N,11-0%)), amino 
dthydroc sandy rt (71%). p. 305° (Found: C, 54 
C,,H,,N,CL2H 1 requires C, 550; 40 

vy salts. The a was dissolved in hot water (60 parts) containing 
2n- duydoochtorte acid (2 parts) and was added to a stirred boiling su of reduced iron (1 part) in 
water (60 parts). The mixture was refluxed for 1-5 hours and then red and the iron go 
a slight excess of aqueous ammonia. The filtrate was evaporated to onal bulk and booed, and 
methiodide precipitated by addition of solid potassium iodide and crystallised from hot water. oo thes 

i isoguinoline methiodide, yellow needles (87%), m.p 262 (Found 
x 72; L by N, 71; 32-0%), 17-chloro-1-p 
methiodsde. orange needies of indefinite m. p. (sinters at 143-—145° and melts ca 155°) (Found : 
46-6; H, 40; N, Tl; 100"/10 33. 463; H, 3-0; N, 68; 


, yellow prisms (71 206" (Found: N. 
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372. Hydrogenation of Diphenylene Oxide and 2 : 2'-Dihydroxy- 
diphenyl. 
By J. Ipets Jowes and A. S, Lixpsry. 


The btained by pressure of diphenylene oxide and 2 2’-dihydroxy- 
dipheny! over Raney nickel are described existence of a hexahydrodiphenylene oxide of 
unknown stereochemical configuration has been confirmed. The ultra-violet absorption 
spectra of diphenylene oxide, tetra- and hexa-hydrodiphenylene oxide, coumarone, and 
coumaran have been measured and are compared. 


A svavey of the literature showed that some confusion existed over the preparation and 
homogeneity of the hydrogenation products of diphenylene oxide and 2 : 2’-dihydroxydiphenyl, 
and that the independent existence of one of these products, namely hexahydrodiphenylene 
oxide, was doubtful. The present work has sought to clarify the position by a re-examination 
of the preparative methods given in the literature and by the preparation of pure samples of 
some of the materials involved and characterisation of them by means of their ultra-violet 
absorption spectra. 

Cullinane and Padfield (/., 1935, 1131), for example, claim to have prepared tetrahydro- 
diphenylene oxide by controlled hydrogenation of diphenylene oxide over platinum black, but 
give no proof of the homogeneity of their product. Again Fieser ef al. (J. Amer. Chem. Soc., 
1940, 62, 2066) state that hexahydrodiphenylene oxide has been prepared as an intermediate, 
by reduction of 2: 2’-dihydroxydipheny! (von Braun, Ber., 1922, 65, 3763), but Gilman, Smith, 
and Chaney (J. Amer. Chem. Soc., 1935, 57, 2095) had shown earlier that the derivatives obtained 
by von Braun (Joc. ef.) from the reduction products, and regarded by him as derived from 
hexahydrodiphenylene oxide, corresponded to the tetrahydrodiphenylene oxide derivatives. 
Gilman ¢f al, (loc. cst.) were also unable to confirm the claim of Ebel (Hele. Chim. Acta, 1929, 
12, 11) to have reduced the tetra- to the hexa-hydrodiphenylene oxide. Stenger 
(G.P. 566,782/1930) obtained perhydrodiphenylene oxide by hydrogenation of diphenylene 
oxide over a nickel catalyst but did not mention any other products of the reaction. On the 
other hand, Hall and Cawley (J. Soc. Chem. Ind., 1939, 58, 7), by hydrogenation-cracking of 
diphenylene oxide over molybdenum oxide and sulphide catalysts at high temperatures, 
obtained as an initia) product o-cyclchexylphenol, which became further hydrogenated and 
broken down to yield a number of products, amongst which was dicycohexyl. 

In the present work diphenylene oxide has been subjected to both exhaustive and controlled 
hydrogenation over Raney nickel at a high temperature and pressure. In the former instance 
pethydrodiphenylene oxide (1) was obtained as the main product; cleavage of the furan ring 


OH 

(IL) (It) 


also occurred to give dicyclohexy! (IIT) and the cis- and trans-isomers of 2-cyclohexyleyelo- 
hexanol (11). Identification of the last-named isomers was confirmed by preparation of their 
phthalates and phenylurethane derivatives; and in both cases chromic acid oxidation of the 
womers yielded cydohexyleyelochexanone which was directly compared with a synthetic 
specimen. The identity of the dicyelohexyl obtained during hydrogenolysis was confirmed by 
comparing its infra-red absorption spectrum with that of an authentic sample of dicyclohexyl 
obtained by dehydration of cs-cyclohexyleyclohexanol followed by hydrogenation. These 
spectra were substantially indentical. Various Sachse-Mohr stereoisomers of dicyclohexy! are 
mentioned in the literature. Hiickel and Neunhoeffer (Annalen, 1930, 477, 106), however, 
were unable to confirm the preparation of three forms of this compound by dehydration of 
ets- and trans-cydohexyleyclohexanols and hydrogenation of the products (Schrauth and Gorig, 
Ber, 1923, 56, 1900), and concluded that such isomers do not exist. The frans-trans-isomer 
of Levina ef al. (). Gen. Chem., Russia, 1937, 7, 341) was found by Orchin and Feldman (J. Amer. 


| 
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Chem. Soc., 1946, 68, 2737) to be a mixture containing, infer alia, 2 : 2’-dimethyldicyclepenty! 
and |-cyclohexyl-2-methyleydopentane. The physical constants of the product now obtained 
are close to those reported for the more normal form (cf. Zelinsky ¢f a/., Chem. Zentr., 1933, II, 


1673). 


Controlled hydrogenation of diphenylene oxide so that three moles of hydrogen were absorbed 
yielded hexahydrodiphenylene oxide (IV) as the chief product. This material could be readily 
dehydrogenated to diphenylene oxide by heating it in contact with platinised charcoal, and 
gave on oxidation with chromic acid at room temperature $-o-hydroxybenzoylvaleric acid. 
The same acid was also obtained by chromic acid oxidation of tetrahydrodiphenylene oxide and 
it is likely that the hexahydrodiphenylene oxide used by Fieser ef al. (loc. cit.) for the preparation 
of this acid was a mixture of both the tetra- and the hexahydro-oxides. 

The methods reported by Ebel and by von Braun (/oce. cit.) for the preparation of hexahydro- 
diphenylene oxide were investigated. Tetrahydrodiphenylene oxide took up one mole of 
hydrogen slowly in alcoholic solution, and much more rapidly in glacial acetic acid, in the 
presence of platinum or palladium black at room temperature, to give a product which chemical 
analysis indicated to be hexahydrodiphenylene oxide. The ultra-violet absorption spectrum 
of this product, however, showed it to be a mixture of approximately 75%, of tetra- and 25% of 
per-hydrodiphenylene oxide only. No break in the rate of hydrogenation curve was observed 
in these experiments and it would appear that, under the conditions mentioned, hydrogenation 
of both rings occurred before the molecule was desorbed from the catalyst. Smith ef al. (J. Amer. 
Chem. Soc., 1949, 71, 3772) have shown that for dinuclear compounds, such as diphenyl, 
hydrogenation of one ring initially occurred, followed by desorption of the molecule from the 
catalyst, and in such cases, when the hydrogenation was halted at a half-way stage, the bulk of 
the product existed as the hexahydro-compound. On the other hand, addition of three moles of 
hydrogen to diphenylene oxide under similar conditions gave a mixture of perhydro- and 
unchanged diphenylene oxide (Smith and Fuzek, J. Amer. Chem. Soc., 1949, 71, 415) and it is 
probable that the tetrahydrodiphenylene oxide prepared by Cullinane and Padfield (loc. cit.) 
was chiefly unchanged diphenylene oxide. 

When 2: 2’-dihydroxydiphenyl was hydrogenated over Raney nickel so that between two 
and three moles of hydrogen were absorbed, and the products were carefully fractionated 
through a Stedman-type column, two main liquid products together with 60% of solid residue 
were obtained. Ultra-violet absorption analysis of the lower-boiling fraction showed it to be a 
crude specimen of hexahydrodiphenylene oxide admixed with some tetra- and per-hydro- 
diphenylene oxides. The higher-boiling fraction was identified as tetrahydrodiphenylene oxide 
by means of its picrate and physical constants. From the solid residue o-2-hydroxycyciohexyl- 
phenol (V) and 2: 2’-dihydroxydicyclohexyl (VI) were isolated by fractional crystallisation. 
Neither of the two compounds appears to have been previously characterised. The “ dodeca- 
hydro-o-o’-diphenol ” mentioned by Schwenk and Priewe (G.P. 602,837/1934) has a much 
lower melting point (143——145°) than the compound isolated by us; it may be an impure sample 
of the same compound or is possibly another stereoisomer. The perhydrodiphenol readily 
formed a bisphenylurethane and a bis-3 : 5-dinitrobenzoate, and from its mode of formation is 
most likely to be (VI). The o-2-hydroxycyclohexylphenol would only yield a mono-pheny!l- 
urethane when treated with phenyl! isocyanate under the normal reaction conditions; thia 
derivative still possessed a free phenolic group and could be readily coupled with a diazonium 
salt. Dehydration of the hexahydro-phenol by means of fused potassium hydrogen sulphate 
removed the alcoholic hydroxy! group, giving one of the isomeric cyclohexenylphenols. The 
hexahydro-phenol most probably corresponds to the half-hydrogenated form of 2: 2’-di- 
hydroxydipheny! (V). 


Investigation of the stereochemical configuration of these two compounds was not carried 
out, but it is interesting that quantitative hydrogenation of 2: 2’-dihydroxydiphenyl over 
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Adams's catalyst at room temperature yields a mixture of perhydrodiphenylene oxide and the 
2. 2 -dihydroxydicyclohexy! already mentioned. 

An independent synthesis of hexahydrodiphenylene oxide was also attempted by preparation 
of 1:4: 10> 1) -tetrahydrodiphenylene oxide, followed by reduction of the 2: 3-double bond. 
It was hoped to prepare 1 4° 10: 11-tetrahydrodiphenylene oxide by condensation of butadiene 
with coumarone or with coumarilic acid. A number of experiments at various temperatures 
and with various times of heating failed, however, to lead to any of the desired product. 

It was considered useful to confirm the homogeneity and structure of the hexahydrodi- 
phenylene oxide, obtained by partial reduction of diphenylene oxide, by measurement of its 
ultra-violet absorption spectrum. Some of the material was therefore purified by adsorption 
on to a dry column of alumina, followed by desorption with absolute alcohol (cf. Analyt. Chem., 
1947, 19, 992), giving 60%, of a pure material of constant refractive index. The ultra-violet 
absorption spectrum of this material (Pig. 1, curve 3) was closely similar to that of the starting 
material which lent some support to its homogeneity. For comparison the ultra-violet 
absorption spectra of pure samples of diphenylene oxide, tetrahydrodiphenylene oxide (Fig. 1, 
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Absorption spectra, in cyclohexane. 
Pic. 1.—1, Diphenylene oxide. 2, Tetrahydrodiphenylene oxide. 3, Hexahydrodiphenylene oxide. 


Pre. 2 —1, Cowmarons, 2, Commaran. 
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curves | and 2 respectively), coumarone, and coumaran (Fig. 2, curves | and 2 respectively) 
were also measured. F. Williams (Nature, 1948, 162, 925) has shown that the melting point of 
diphenylene oxide is no criterion of its purity and, in view of the difficulty of obtaining, from 
coal tar, a pure specimen suitable for spectroscopic work, preparation by a synthetic route was 
obviously desirable. This was accomplished by dehydrogenating tetrahydrodiphenylene 
oxide, synthesised by Ebel's method (lec, es.), by means of N-bromosuccinimide (cf. Barnes, 
J. Amer. Chem, Soc., 1948, 70, 145). The diphenylene oxide so obtained was then purified by 
crystallisation followed by chromatography and sublimation. Pure coumarone was prepared 
by decarboxylation of coumarilic acid; and coumaran by hydrogenation of coumarone over 
Adams's catalyst at room temperature. 

In comparison with the spectra of diphenyl (O'Shaughnessy and Rodebush, sid., 1940, 
62, 2906) and diphenyl ether (Mayer-Pitsch ef ai, Z. EleAtrochem., 1943, 49, 368), the spectrum 
of diphenylene oxide (Fig. 1, curve |) shows much more fine structure. This can be attributed 
to the strain set up in the molecule by the bonding in the ortho-positions, and similar 
enhancement of fine structure has been observed in the case of other bridged nuclear compounds 
(cf. diphenyl and fluorene, dipheny! and carbazole; o-xylene and indane). The curve shown 
here for diphenylene oxide in cyclohexane agrees very closely with that recently published by 
the U.S. Bureau of Mines (Tech. Paper 708) for a synthetic sample in 95% ethanol. 
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Some of the fine structure is eliminated, however, when hydrogen is added at the 1: 2: 3; 4- 
positions of diphenylene oxide (Fig. 1, curve 2), and the bands at 242, 245, and 250 muy. are 
replaced by a broad band having a maximum at 253 mu. At the same time the 282-, 287-, and 
298-my. bands are shifted towards the shorter wave-band of the spectrum, as might be expected 
for a system containing a smaller number of conjugated double bands (Hausser and Kuhn, 
Z. physikal. Chem., 1935, 29, B, 363). Comparison of the diphenylene oxide spectrum with 
the ultra-violet absorption spectrum of coumarone (Fig. 2, curve 1) shows both the curves to be 
very similar in general shape and position of absorption maxima. Both molecules resemble 
indene in containing the C,H,°C:C chromophore, and it is interesting that the positions of the 
absorption bands are in agreement with Morton and de Gouveia’s suggestion (/., 1934, 015) 
that the C,H,: part of such a chromophore would give rise to bands in the 270-—290-myp. wave- 
length region and the ethylenic bond to a band about 250 my. This is shown in the table below. 


Maximum absorption bands. 
Tetrabydrodi- 
Dipheny phenylene pheny 
oxide Coumarone. Indene * oxide Coumaran. Indane * 
(max.), ¢ (max.), ¢ (max.), (max.), ¢ (max), € (max.), (max.), 
245 409 #69253 «6411 2450 «4-08 246 400 -- — — 
281-5 429 272 3-58 — 27 204 200 «300 
287 +428 279 3-66 275 345 220 200 280 3-56 282 «3-52 267 316 
208 406 «862860 «3-65 282 348 — 2809 «348 274 «3-25 


Addition of hydrogen to the 10: 11-positions to give hexahydrodiphenylene oxide (IV) causes 
elimination of the 253-mp. band of tetrahydrodiphenylene oxide and replaces the three peaks 
between 270-290 mu. by a broad band with a maximum at 260 my. It might be expected 
that saturation of the 10: 11-double bond would cause a much greater shift of ,,., away from 
the visible region, but comparison of the spectra of coumarone and coumaran, where a similar 
saturation of the 2: 3-double bond has been carried out, shows that for this type of molecule a 
shift of the maxima occurs towards the visible region of the spectrum. This anomalous shift 
appears to be associated with the presence of a cyclic oxygen atom in the molecule. Examination 
of the spectra of indene and indane (/., 1934, 915) shows that saturation of the | : 2-double bond 
in this case causes the more usual shift of the absorption bands away from the visible, and a 
similar effect is observable on comparison of the spectra of 1: 2: 3 : 4-tetrahydrophenanthrene 
and 1: 2:3:4:9: 10: 11: 12-octahydrophenanthrene (Askew, /., 1935, 512). 

The close similarity of the spectra of coumaran and hexahydrodiphenylene oxide strongly 
supports the structure (IV) already suggested from dehydrogenation and oxidation experiments, 
and there can be little doubt that hexahydrodiphenylene oxide definitely exists as a stable 
chemical entity. The stereochemical configuration of the material prepared by us has, however, 
not been investigated, but it would appear to differ from that of the hexahydrodiphenylene oxide 
described by Cornforth, Hughes, and Lions (J. Proc. Roy. Soc. New South Wales, 1938, 71, 323) 
who obtained it by pyrolysis of phenyl cyclohexeny! ether. 


EXPERIMENTAL. 


Exhaustiwe Hydrogenation of Oxide —Dy viene oxide (1 kg.) in absolute alcohol 
(750 ml.) was exhaustively hydrogenated over Raney nickel (60 g_) in a 2-litre stainless-steel autoclave 
at 190°/200 atm. during 23 hours. The liquid products (1075 g.) were fractionated through a Stedman 
column (equivalent to 50 theoretical plates), at 20 mm., giving four main fractions 

Fraction | (34 § 116—118° /20 mm., 1-4800, m. p. 4-5" (Found: C, 86-65; H, 13-3. Cale. 
for C,,sHy, : C, 86-7; H, 13-3%), was shown to be dicyclohexyl by comparison of its infra-red a 
spectrum with that of dicyclohexyl prepared by dehydration of cts-cyclohexyicyclohexanol, followed by 
hydrogenation over palladium black in acetic acid solution at room temperature 
é Fraction 2 134—137°/20 mm., 15000 (Found: C, 80-2, H, 110, Cale. for 

wH,O : C, 80-0; H, 11-1%), in its al and chemical with yd 

Gilman et al. (J. Amer. Chem. See 57, 2095) give 
and Fuzek (sbid., 1949, 71, 415) give b. p. 162°/45 mm., 14990. 

Fraction 3 (205 g.), b. p. 149—151°/20 mm., solidified when kept and on recrystallisation from 
petroleum had m. p. 61° (Found: C, 79-06; H, 11-8. Calc. for C\sHyO: C, 70-05; H, 12-2%). Ths 
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al. (Annalen, 1990, 477, ots-0-cyclohex yclohe . m. p. 63° ( 153°). 
Vavon (Hull, Soc. chim, 1926, 38, 113%) reports two forms of the phthalate, esz., m. p. 112-—113° and 
126-127". 

Praction 4 (272 ¢.), b. p. 151-—-153°/20 mm., also solidified after distillation. Repeated 
recrystallisation light petroleum gave a material, m. p. 52-53" (Found C, 701; H, 11-9. Calc. 
for CHO: C, 7006, H, 122%). The derived phenylurethane, after repeated recrystallisation 
from light petroleum (bp. #0—100"), had m. p. 133—134° alone and admixed with the phenylurethane 
(mp. 133-134") of authentic (prepared by reduction of cycichexylicycle- 
hexanone; Hickel al., loc. cit.) avon (Joc. cit.) gives phenylurethane, m. p. 132°; Hickel ef ai. 
(toe. cst.) give 136° 

Chromic acid oxidation of the last two fractions at room temperature yielded the same o-cyclohexy!- 
Authentic o-cyclohexylcyclohexanone, prepared according to Hiicke!l ef al. (loc. cil.), 
gave two products on treatment with alcoholic 2 4-dinitropheay!hydrazine one, m. p. 120-121", as 
orange flakes, easily soluble in alcohol, and a second, m. p. 1765-177", as orange needles (from alcohol- 
chiorotorm), sparingly soluble in alcohol. These two derivatives presumably correspond to the syn- and 
anty-forms or case in purification, the less soluble derivative melting at 176-5-——177° was used, and 
admixture with the corresp< a 2. 4-dinitrophenylhydrazones prepared from the chromic acid oxidation 
products (both melting at 176-177") led to no depression in melting point 

Partial Hydrogenation of Diphenylene Onide.—Diphenylene oxide (1 kg.) in alcohol (750 ml.) was 
hydrogenated over Kaney nickel at 200°/200 atm. until approximately 3 moles of hydrogen had been 
taken up. The crude product was steam-<distilled, and the liquid products (483 g.) were fractionated 
through a Stedman-type column at 20 mm., yielding 30% of unchanged diphenylene oxide in the still 
and main liquid fraction (36%), b. p. 140-——-142°/20 mm., 15401, namely, Aexahydrodiphenylene 
oxide, a colourless mobile liquid, with a pleasant aromatic smell, which did not yield a picrate (Found : 
C, 82-8, H, 79. requires C, 82-7; H, 1%). A small fraction, b. p. 134—136°/20 mm., 
collected in the above distillation was also examined (see below) 

Purification of the hexahydrodiphenylene omsde 4 Mi. of the fraction, b P 140-—142°/20 mm., were 
adsorbed on a column of dry activated alumina (33” x §” at top, tapering to 4” at base) and subsequently 
desorbed with 20 mi. of absolute alcohol under slight air pressure at the top of the column 
(1-2 Ibe (sq. in.), O2-ml. fractions being collected. middle fractions (corresponding to 60% of 
the starting materia!) had a constant wif = 1.5515 

Dehydrogenation of hexahydrodiphenylene oxide. The fraction, b. p. 140-—-142°/20 mm. (2.0 was 
heated at 270--200° for 6 hours with platinised charcoal (0-2 g.). A quantitative yield of a white solid, 
m. p. 74--76° after one crystallisation from hot alcohol, was obtained, infra-red absorption analysis of 
this material showing it to be substantially pure diphenylene oxide. Repeated recrystallisation from 
alcohol gave m. p. $1-0—82-0° undepressed when mixed with authentic diphenylene oxide (m. p. 82— 
83"). Likewise a mixed m. p. of the derived picrate with the same derivative of diphenylene oxide 
(m. p. 96-07") showed no depression. 

Chromic acid oxidation of tetra- and hexa-hydrodiphenylene oxide. 5-0-G. quantities of both the 
hexahydrodiphenylene oxide and the synthetic tetrahydrodiphenylene oxide (see below) were separate! 
oxidised by keeping them in contact with chromic acid at room temperature for 24 hours. Both cunpeunds 

ded the same 5-o-hydroxybenzoyivaleric acid, m. p. 93-—04° (Found: C, 64-7; H, 625. Calc. for 

C, 6485: H, 636%) 

Examination of the fraction, b. p. 134--136°/20 mm. Dehydrogenation of this fraction over platinised 
charcoal yielded a mixture of diphenylene oxide and fluorene. Infra-red absorption analysis of the 
diphenylene oxide used in these experiments showed it to contain a smal! amount of fluorene. 
Hydrogenation followed by fractionation had obviously concentrated the fluorene, in a hydrogenated 
form, in the 134-—-136°/20 mm. fraction. No further examination of the fraction was carried out 

Partial Hydrogenation of 2. 2'-Dihydroxydipheny! (200 g.) in alcohol was 
hydrogenated over Raney nickel (20 g.) at 200° 10 atm. until approx. 2 moles of hydrogen had been 
absorbed. The dark brown, rather viscous product (193 g.) was distilled through a Stedman-ty 
eolumn, yielding two main liquid fractions, b 142-—146° mm., 1-5461 (Found: C, 82-8; fr. 
845. Cale. for C, 82-7; H, (8% yield), and 1564—158° 20 mm., »ff 1-5605 (23% yield), 
and leaving a solid residue (60%) in the stil 

Attempted purification of the lower-boiling fraction by ad jon on a column of dry alumina was 
not completely successful, since, although the refractive index of the material was raised considerably, 
the ultra-violet absorption spectrum indicated that this purified material contained only 80% of 
hexahydrodiphenylene oxide, the other 20%, apparently being a mixture of tetra- and per-hydro- 
diphenylene oxides 

The higher-boiling fraction readily yielded a picrate, m_p. 98° (from alcohol), which gave no depression 
on admixture with the picrate of authentic tetrahydrodiphenylene oxide (m_ p. 08°) 

Investigation of the solid residue. In another experiment the total reaction product was steam- 
distilled, and the non-volatile portion worked up in the usual manner and finally distilled at 9 mm. 
pressure. After a smal! mobile fore-fraction, the bulk distilled as a viscous syrup, b. p. 194—-200° /9 mm., 
which solidified on cooling and on fractional crystallisation from light petroleum (b 6). 80°) yielded 
a small amount of colourless hexagonal prisms, m. p. 180-181" (Found: C, 72-4; H, 11-2 H o 
requires C, 72-7; H, 112%) and a much larger quantity of material as colourless plates, m. p. us 
(Pound: C, 749; H, #5. C,.H,,O, requires C, 75-0; H, 

The former compound, 2 m. p. 180-181", readily formed a bisphenyl- 
urethane, m. p. 273° (from alcohol) (Found: C, 71-2; H, 7-4: N, 64. C,,H,,O,N, requires C, 71-55; 
H, 7-4; N, 64%), and a bes-3 m. p. 292° (crystallised from benzene—nitrobenzene) 
(Found: C, 53-6; N. 100. requires C, 53-2; H, 4-5; N, 96%) 

The latter compound, o-2-hydrosycyclohes yiphenol, m. p. 115-—116°, gave an olive- colour in 
aqueous-alcoholic solution with neutral ferric chioride, and readily coupled with di p-nitroaniline. 


q 


[1950]  _Diphenylene Oxide and 2: 2'-Dihydroxydiphenyl. 1841 


It . p. 172° (Found: C, 73-3; H, 68; N45. C N requires 


derivative, 
: ., 1931, 58, 304), was also obtained 


catalyst (0-2 g.). 

hydrogenated product was treated with dilute sodium hydroxide, and the insoluble oi] removed by 

ether-extraction and subsequently distilled at reduced pressure (some decomposition occurring), to 

a smal! amount of a colourless liquid, 1.4989 (Found: C, 708; H, 11-3. Cale. for C,,H,O: 
. 79-9; H, 11-2%), considered to be ydrodiphenylene oxide. The residue left in the flask treated 

with phenyl isocyanate yielded white feathery crystals (from alcohol), m. p. 272—273* (alone or admixed 

with the bisphenylurethane of 2 : 2’-dib ydicyelohexy! described above). 

Hydrogenation of tetrahydrodsphew oxide over num. Pure tetrahydrodiphenylene oxide 

3 g.). prepared as described below, was quantitatively rogenated at room temperature and pressure 
the presence of glacial acetic acid Adams's catalyst (0-1 ¢). in an sepeceine similar to that 
described by Jackson and Jones (/., 1936, 895) until 42.5 c.c. of hydrogen had n absorbed (theor. for 
conversion into hexahydrodiphenylene oxide = 41-0 c.c.). Absorption took place rapidly du 
20 minutes, but no break in the rate of absorption was observed at the end of this time. 
of the ultra-violet absorption en of the recovered product, »ff 1-5568 (Found: C, 82-7; H, 83. 
Cale. for CHO: C, 82-7, H, 81%), showed it to contain approximately 75%, of unchanged tetra- 
hydrodiphenylene oxide and 25% of perhydrodiphenylene oxide. 

Preparation if Pure Tetrahydr henylene O —-Tetrahydrodiphenylene oxide, synthesised 
Ebel!'s method (Helv. Chim. Acta, 1929, 12, 11), was purified 7 tion from its picrate, m. p. a 
and possessed the following physical constants: b. p. 164—156°/20 mm., ff 1-5787 (Pound: C, 83-6; 
H, 7-2. Cale. for C,,H,,O: C, 83-7; H, 70%). 

Preparation of Pure Diphenylene Oxide.—To tetrabydrodiphenylene oxide (2-5 g.) in dry carbon 
tetrachloride (35 ml.) were added N-bromosuccinimide (5-2 g.) and benzoyl peroxide (0-1 g.), and the 
mixture was gently refluxed for 1g hours. Sodium acetate (5 g.) and glacial acetic acid (2 ml.) were then 
added and the whole was refluxed for a further half hour. reaction mixture was poured on ice- 
sodium hydroxide (solid). The eye isolated in ether, was distilled at 2 mm., giving 1-8 g. (72%) of 
a slightly yellow solid of m about 79°. After 2 recrystallisations from alcohol, room we fH 
light petroleum (b. p. 40—60°)) on alumina, recrystallisation from alcohol, and sublimation u 
reduced pressure, the diphenylene oxide was obtained as lustrous white flakes, m. p. 82-0-—83-0° (Found : 
C, 85-5; H, 4-65. Cale. for C,,H,O: C, 85-7; H, 48%) (F. Williams, loc. cit., gives the m. p. of pure 
diphenylene oxide as 82-8—83.0°). 

Preparation of Pure Cowmarone.—Recrystallised coumarilic acid (Org. Synth., 24, 33), m. p. 192°, 
was dry distilled with soda-lime. Ether-extraction of the oil—water distillate, followed by distillation of 
the dried product, yielded coumarone, 1.5666 Inst. Physics, 1947, 38, 687: nif 1-5663) 

Preparation of Pure Coumaran.—Coumarone, p. 171°, in glacial acetic acid was hydrogenated over 
Adams's catalyst at room temperature and pressure until 1 g.-mol. of hydrogen had been absorbed. 
The recovered product, pasted by conversion into the picrate, had constant m. p. 75—76° (pre-heated 
bath) after 3 recrystallisations from alcohol. —— from the picrate followed by distillation 
yielded coumaran, nff 1.5479 (Found : C, 70-7; H,66. Cale. forC,H,O: C, 80-0; H, 6-7%) (Rindfusz, 
J. Amer, Chem. Soc., 1919, 669, gives wff 1-543). 

From the h t refractive index and the slight inflexion in the ultra-violet absorption curve at 
245 ma. it would a r that the sample still contained a small amount of coumarone. Owing to the 
smal! amount available further purification was not undertaken. 

Measurement of Ultraviolet Absorption Spectra. —The ultra-violet were measured 
with a Beckman 2 Spectrophotometer, using approx. 10™m-solutions 


Analyses were carried out by Dr. Weiler and Dr. Strauss, Oxford. 
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Hydrogenation of 2 2'-dihydroxydiphenyl over platinum. 2 2'-Dihydroxydipheny!, m. p. 100—-111° 
(1-0 g.), im glacial acetic acid (25 mi.), was hydrogenated at room temperature and pressure over Adams's 
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373. Structure and Amabicidal Activity. Part I. Aliphatic 

By D. Murr: Hatt, Manpoos, and E. E. Tuxner. 
Fourteen aliphatic diamines of the type NH,-CHR-(CH,),-CHR-NH, have been synthesised 


at a concentration of in 1. (Emetine is effective at concentration of 


ATTEMPTS to dissect out that portion of the emetine molecule which might be responsible for 
the ameebicidal action of the alkaloid have so far met with little success. Thus, Child and 
Pyman (/., 1920, 2010) basing their ideas on Pyman's emetine formula (I) (/., 1927, 1067) 
prepared a series of compounds of the type (11), or closely related thereto, with » = 4, 5, or 8. 
None of the substances examined was active against Entamaba histolytica at dilutions of | in 
5000, whereas emetine is effective at | in 500,000. 

Later, however, Pyman (Rep. Brit. Ass., 1937, 107, 57) reported some ameebicidal activity 
on the part of 1: 10-bisdiamylaminododecane. Goodson, Gorvin, Goss, Kirby, Lock, Neal, 
Sharp, and Solomon (Brit. J. Pharmacol, 1948, 3, 49) examined a considerable series 
of compounds, including some of the types (3:4: 1-(OMe),C,H,NH),>/CH,), and 
(wC,H, >(CH,), and also the one primary diamine 


The correction of the formula for emetine to (III) (Robinson, Nature, 1948, 162, 524; Pailer 
and Porschinski, Monatsh., 1949, 80, 04; Battersby, Openshaw, and Wood, Experientia, 1949, 
6, 114; Battersby and Openshaw, J., 1949, 3207) does not bear materially on the interpretation 
of the search for ameebicides outlined above. [It is interesting to note that the central portion— 
within dotted lines in (II11)-——of the emetine structure contains the features of a partly decyclised 
ethylquinuclidine | 

All the above compounds with the exception of the diaminodecane contain secondary or 
tertiary nitrogen atoms. In the present work a study has been made of long-chain 
diamines containing two primary amino-groups and having the general formula 
NH J vitro activities against FE. histolytica found within the series 
are as high as 1 in 100,000 

As expected, simple polymethylene diamines of low molecular weight (R < H, » = 1 or 2) 
are inactive. With the introduction of alkyl groups having 4, 5, 6, or 8 carbon atoms, activity 
is consistently manifested when # « 3 (see Table). When # < 4 or 5 (see Table) the dysthera- 
peutic effect of increasing molecular weight becomes evident and compounds 11 (RK = 
2-ethythexy!l; « 4) and « »-hexyl; 5) are inactive. This is an interesting result 
in view of the fact that the emetine molecule contains, apart from the methoxy! groups, a 
skeleton of 25 carbon atoms (compounds 11 and 14 have 22 and 19 carbon atoms, respectively). 
However, in emetine the two nitrogen atoms are separated by five carbon atoms, corresponding 
to # « 3 in our series 

The straight chain diamines are in several cases more active that the corresponding 
compounds with branched chains. Thus, the activities of compounds 1 (R « Bu®; # = 3) and 
3 « wamyl; 3) are reduced when K becomes isobutyl and tsoamyl, respectively 
(compounds 2 and 4) 
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The diamines were prepared (in the form of their hydrochlorides) by the following general 
R-CH(CO,Et), —» —> 
————> 


All the compounds were tested as the water-soluble hydrochlorides. 


In vitro amabicidal activities of of 


eveun~ 


10- Diaminotet 
: 10-Di 2: 13-4 
12-Diamino-octadecane 
12-Diamino-5 ; 


Microanalyses by Drs. Weiler and Strauss. 


Ethyl Alhanetetracarboxylates and Derwed Acids.—Normal procedure was adopted for ae veep | 
ylene dibromides with the sodio-derivatives of substituted mal esters (compare Perkin 
ntice, /., 1891, 68, 818). The following esters were thus ae are given in parentheses) 
and were hydrolysed to the tetracarboxylic acids by boiling them with um bydvenide 

Ethyl tridecane-5 5 : 9-tetracarboxylate (25%), b 98—202°/1 mm., 214—216" mm., 
lised from methyl alcohol, melted at 35—-37° (Found ; 63-5; H, 8-6. CoH, requires C, 63. 
93%). The derived acid, crystallised from water, had m. P- 149—151° (decomp.) (Found ; C, 560; H, 
7-8. C,,H,,O, requires C, 56-5; H, 7-8%). 

Ethyl 2°" Vb-dimethylundecane-4 4:8 (33%). crystallised from methy! alcohol, 
melted at 45—47°. Perkin and Prentice (loc. eit.) did not obtain a poy, tl para The 
derived acid, crystallised from aqueous acetic acid, had m. p. 148-—150° diencemp ) (Fow C, 66-1; H, 
78. C,,H,,O, requires C, 565; H, 7-8%). Perkin and tice (loc. cit.) prepared this acid but did 
not purify it or analyse it. 

thyl pentadecane-6-6 10° 10-tetracarbox (32-5%) had b. */2 1-4492 (Found 
C, 49; H, C uires C, 64-7; H, 96%). The acid, from dilute 
Hess) acetic acid, Yad 75-5° (Fou C, 684; H, #4. requires C, 58-7, 


Ethyl 2: 5 9-tetracarboxylate & "/2 mm., aff 14480 
(Found : C, 656-0; H, 95. C,,H requires C, 64-7; H, prs The derived acid, crystallised from 
aqqucous acetic had m. p. tere (decomp.) (Found C, 57-3; H, 64. requires 

574 

Ethyl heptadecane-7 7: 11: 11- (39%) had b. p. 254°/6 mm., 270°/9 mm., 1.4530 
(Found: C, 66-9; H, 99. C uires C, 65-8; H, 90%). The derived acid, c =e from 
dilute aqueous acetic acid, 177° decomp.) (Found C, 0-6; H, 85. Cy requires 
C, 6-5; H, & 7%) 

Ethyl ll -tetvacarboxylate (285 had 3 
1.4569 (Found: C, 682; H, 10-3. requires C, 67-8; H, 
lised from aqueous acetic acid, had mp 167-168" (decomp.) (Found. C, 697; H. 03. Cully, 
requires C, 63-5; H, 93 ) 


| melted at 31—32° (Found: C, 640 96. Cool 
197" (decomp.) (Found , H, 


rylate (42%) had b. p. 244—246° /2 mm., : 
Cae men ires C, 65-3; H, The derived 


had m. (Found : 604; H, 67. H, 
2. 13-dimethyitetradecane-5 5: 10 : 10-tetracarboxylate had b. p. 242°/3 mm., #ff 1-4465 
(Found C, 653; H, CysH,,O, requires C, 65-3; 


vity. 

0,000 

00,000 

7 
00,000 
00,000 

7 oe 1 in 10,000 

1 in 10,000 

” 1 in 10,000 
10 1 in 100,000 

il S-ethythexyl inactive 

Of Series (TD . 

12 5: 11-Diaminopentadecane Bue 1 in 10,000 

13 4: 10-Diamino-2 : 12-dimethyltridecane ............... Bul 1 in 10,000 

7: 13-Diaminononadecane inactive 
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had m. p. 213° (decomp.) (Found : C, 593; H, $5. C,,H,,O, requires C, 50-7; H, 
thy! octadecane-7 7 had b. p. 254—260°/5 mm., 1-4510 (Found : 


C, 670, 103 Me H The derived acid crystallised from aqueous 
acetic acid, had m ot Found Cc, 61 1,,©, requires C, 61-4; H, 8-8%) 
Ethyl 14- tadecane-7 7-12 (80 had b. p. 2468°/1 mm., wiP* 1-4562 


(Found: C, 687; H, 105. 662, H, The derived acid, obtained as a 
glass which did not gave a silver salt (Found As. 46-9. C,,H.O,Ag, requires Ag, 47- 
Ethyl pentadecane-S 11: 11 -tetracarbosylate rystallised from petroleum P. - 
60"), melted at 44-46" (Pound: C, 64-5, H, 95. C H, 06 The derived 
acid, crystallised trom aqueous acetic acid, had m. p. | ‘(Found , 990; H, 
C,H requires C, 6&7, H, #3%) 
2 4 : 10 : ( from light petroleum 
melted at 63-65" (Found : C, 65-6; H, requires 647. 
ved acid, crystallised from benzene—acetic acid, had m.p. 1 6, ‘omp.) (Found - C, 67-8; H, 
Ethy 13-tetracarbox joy, “at had b. p. mm., 1-4550 
(Pound C, 66-8; H, &7. requires C, 66-8 10- derived acid, crystallised from 
benzene acetic acid, had m (decomp.) (Found : C, 61-5; H, #8. C,,H,O, requires C, 62-1; 
H, 

Distbeaylie Actds.—-These were obtained in almost quantitative yield by heating the tetracarboxylic 
acids at a pre-determined optimum temperature which is given in parentheses immediately after the 
name of the acid 

Tridecane-5 %-dicarborylic acid (206°) crystallised from aqueous acetic acid in plates, m. p. 107—108° 
(Pound C, 667. 101. C,,H,,O, requires C, 66-1; H, 10-3 

2 10-Dimethytundecane-4 "8-dicarboxylic acid, crystallised #0—100"), 
had m. p. 107-—100° (Poand : C, 66-7; H, 10-1, Cale. for C,,H,,0, : H 10-39 (Perkin and 
Prentice, loc. give m. p indefinite, 

Pentadecane-4 acid (160°) crystallised from ueous acetic acid in plates, m. p. 109— 
112-5" (Found. C, 679; H, 106. C,,H,,O, requires C, 67-9; H, 10-8%). 

12-Dimethyltridecane-5 O-dicarborylic acid (190°) from light m (b. p. 60—80°) 
in shining plates, m 140° (Found ; C, 67-2; H, 10-6. C,,H yO, requires C, 67-9; H, 10-8%). 

Heptadecane-7 1 acid (180°) crystallised f shining plates, m. p. 112—114° 
(Found C, 700; H, 10-8 vires C, 604; H, 

5:13 Pidicarboxylic acid (160°) as an oil, gave a silver salt 
(Found: Ag, 36 requires Ag, 36-0%). 

Tetvadecane-5 ll syle acid (170°), crystallised trom light m (b. p. 40—60"), had m. p. 
103109" (Found C, 669; H.105. 67-1; H, 10- 

Hexadecane-6 acid (190"), crystallised from light toleum (b. p. 60-80"), had m. p. 
00° (Found: C, 600; H, 10-7. C,,H,,O, 68-7, H, 10-0%) 

2: 13- acid crystallised from light petroleum (b. 
80"), 110-121" (Pound: C, 69-0; H, 10-9 H,,O, requires C, 687; H, 10-9%) 

acid (106°) crystallised trom’ light petroleum (b. p. 40—60") and had 
m. p. 97° in a sealed tube (Found C, 70-0; H, 11-2. H,.0, requires TOL; H, 111%). 

5 er loctadecane-7 12-dicarbonylic acid (176 _ obtained as an oil, gave a silver salt (Found ; 
Ag, 356-0. Ag, requires Ag, 35-29 

Pentadecane-d acid crystallised from aqueous acetic acid in rods, m. p. 90—94° 
(Found. C, 67-7; H, 10-8 O, requires C, 67-9; H, 10.8%) 

12-Dimethyliridecane-4 acid (160°), crystallised from aqueous acetic acid, had 
m 111-112" (Found C, 67-5; H, 10-4 Cy requires C, 67-9; H, 10-68%). 

omadecane-7 acid (175°), stallised from light (b. 40-60"), had 
m p (Found HL Cy requires C, 690; H, 11 ) 

Lnamines —Schmidt's Boho was used for the preparation of the diamines from the long-chain 
dicarboxylic acids. Up to the we it had been applied only to three aliphatic dicarboxylic acids - 
suceinic, adipic, and dodecane-1 : 12-dicarboxylic acid. The following genera! conditions were used - 
the dibasic acid was dissolved in concentrated sulphuric acid and benzene added (3—5 c.c. of acid 
and 34 « c. of benzene for each g. of dibasic acid). Powdered activated sodium azide (Nelles, Ber., 
1932, 66. 1345) was added (2-4 g.-mols. for | g.-mol. of dibasic acid) in small portions, with stirring at 
such « rate that the reaction mixture remained at a suitable temperature (usually ca. 30°). In a few 
cases the reaction mixture was subsequently warmed to a higher temperature to complete the reaction. 
Sodium hydroxide solution (30%) was added with — cooling and the base extracted with benzene. 
Hydrogen chloride was passed into the dried extract — y ipitated hydrochloride separated 

5 @Diaminotridecane was obtained as the hydrochior (compound 1) from tridecane-5 9-di- 
carboxylic acid in 50—@0% yield. The reaction was carried at 45°. The oxalate) 
crystallised from aleohoi and had m. p. (Found: C, 52:3; H, #2; N, 
requires C, 51-8; H, N, 

4. &-Diamino-2 : 10-dimethylundecane was obtained as the hydrochloride (compound 2) (decomp. 
above 225") in 75% yield. The reaction mixture was heated to 45° to start the reaction but thereafter 
it proceeded smoothly at 30—32°. The deprcrate crystallised from aqueous ethyl alcohol in needles, m. p. 
187-~190" (Found C, 449; H. 53, N, 165. requires C, 446; H, 5-3; N, 16-6% 

6: 10 Diaminopentadecane hydrochloride (compound 3) was obtained in 78% yield. The Teaction 
was carried out at 25-30 The diprerate, crystallised from benzene-ethyl alcohol, had m. p. 130—133° 
(Found: C, 470; H, N, 158. requires C, 46-3; H, 5-7, N, 160%). The diacetyl 
derivative, ‘crystallised from aqueous alcohol, had m. p. 170-180" (Found N, &8. C,,H,,O,N, 
requires N, $-5%). 


>. 
a 
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5 : 9-Diamino-2 12-dimethyltrid wen The 
was carried out at 20—30". The dipicrate, crystallised from benzene-ethyl . had m. p. 
16710" (Found N, 15-9. Cara m 16-0%). 

7: 11-Diaminohepta ydrochioride (compound 5) was obtained in 75% yield, the reaction 

carried out at 25—30". The dpten ate, ¢ from benzene-ethy! alcohol, had m. p. 144—1 
(Found N, 15-2. Na fequires 15-3%). The diacetyl derivative, crystallised aqueous 
had m. p. 186° C, 70-0; 121; N, 7-7. Cy,HyO,N, requires C, 71-1; H, 120; 
T1-Diamino-5 13-diethytheptadecane yiheptadecane hydrochloride was obtained in 25-—35% yield. 
The could only be isolated with water 


crystallisation which it retained even after intensive drying in vacwo. It melted at 134—~138° (Found : 
C, 604; 11-8; N, 68; C1L170. C,,H,N N, 2HCLH,D requires C. 60-4; H, 120; N.@7; C17 
The 4 ate, crystallised from benzene-ethy! alcohol, had m. p. 151—153" (Found : C, 50-3; H, 

N, 135. requires C, 50-5: H, 66; N, 142%). 

5: 10-Diaminotetradecane hydrochloride (comp d 7) was obt d in 60% yield, the reaction 
carried out at 25-—-30°. The dipicrate, crystallised from water, had m. p. 206-206" (Found: C, 45-8; 
5-7; N, 165. CysH,,O,,N, requires C, 45-4; H, 6-5; N, 16-3%). 

6: 11-Diaminohexadecane hydrochloride (c d 8) was obt d in 60% yield, the reaction 
carried out at 25—30°. The ue. crystallised from benzene-ethy! alcohol, had m. p. 155— 

(Found : C, 467; H, 5-7; N, 14-46. Oust uires C, 470; H, 50; N, 15-7%). 


5: 10-Diamino-2 ydroc loride © 9) was obtained in 


(decomp.) (Found: C, 47-5; H, 5-8; N, 148, requires C, 47 
5 ) 

7: 12-Diamino-octadec d 10) was obtained as the picrate in 75-80% yield, the reaction 
being carried out at 25— The diptovete, crystallised from benzene-ethyl alcohol, had m. p. 176—180° 
(Found: C, 48-9; H, 61; N, 151. C,.H,,O.,N, requires C, 48-5; H, 6-2; N, 15-1%). 

7: 12-Diamino-5 14-diethyloctadecane hydrochloride (compound 11) was obtained in 70-87% 


. the reaction carried out at 30-35". The ds Sum 1 alcohol, 
m. p. 157—-159° (Found: C, 51-1; H, 66; N, 140. on tte One® wires C, 51-1; H, 68; N, 
14-0%). The dihydrochloride was prepared in benzene carbon tetrachloride Pound: C, 641; H, 11-5; 


N, 66. requires C, 63-9; H, 12-1; N, 67%). 

5: 1l- -Diaminopentadecane hydrochloride (com nd 12) was Cae in 79% yield, the reaction 
being carried out at 25—30° The oo crystallised from y! alcobol, had m. p. 198-—199° 
(Pound : C, 46-3; H, 5-0; N, 15-8. C,,H.O,,N, requires C, H, N, 16-0%). 

4: 10-Diamino-2 ; 12-dimethyltridecane hydroc ride (compound 13) was obtained in 30-55% 

id, the reaction being carried out at 20-25". The dipicrate, crystallised from water, had m. p. 104-— 

95° (Found C, 46-5; H, 5-7; °N, 16-1. C,,H,O,,N, requires C, 463; H, 5-7; N, 160%) 

7. 13-Diaminononadecane (compound 14) was Obtained as the hydrochloride (m. p. 188--189°) in 

> yield, the reaction being carried out at 20—25°. The ate, crystallised from a re 
= p. 157—159° (Found: C, 495; H, 61; N, 144. requires C, 40-2; H, 

; N, 14-8%). 
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374. Cation-exchange Resins. The Applicability of the Mass- 
action Law to the Exchange of Univalent Ions. 
By J. D Coscrove and J. D. H. Strickranp. 


Methods are outlined for the determination of full exchange isotherms for univalent ions 
on ion-exchange resins. 


The exchange of potassium, hydrogen, and ammonium ions on a ted phenol- 
formaldehyde and a sulphonated cross-linked pol resin has been studied. The nature 
of the resin and, in the case of the phenol- resin, its particle size have an effect on 


the affinity of the exchange process. 
this investigation related to current theories of the mechanism of ion exchange. 


Attempts have been made to predict and explain the behaviour of cation-exchange materials 
by using the Freundlich or Langmuir isotherms (Ungerer, Kolloid. Z., 1926, 36, 228; Boyd, 
Schubert, and Adamson, ]. Amer. Chem. Soc., 1947, 69, 2818) or by assuming the operation of 
a Donnan equilibrium (Bauman and Eichhorn, J. Amer. Chem. Soc., 1947, 69, 2830). The 

of cation exchange can also be interpreted on a mass-action basis, and the mass- 
action law has been applied, with apparent success, to the more recent types of organic exchanger 
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materials (Boyd, Schubert, and Adamson, J. Amer. Chem. Soc., 1947, 69, 2818; Kressman and 
Kitchener, /., 1949, 1190), 

The mass-action treatment has advantages over others in simplicity and clarity and it 
enables a thermodynamic constant to be evaluated which should be characteristic of any 
exchange on a given exchanger. For example, for the exchange of univalent cations on the 
hydrogen form of a cation-exchange resin 


f He + = Ma + H's 
(subscript & denoting resin phase, 5 solution phase) we may write : 


(where X, « molar fraction of the cation M* in solution; X, — molar fraction of the cation 
M* on the resin; and /y., and /y,, etc., are the appropriate activity coefficients of the ions in 
solution and on the resin). 

(To calculate X, and X,, the total molarity of the solution with respect to M* and H* must 
be known and similarly the total molar capacity, C,, of the resin for these ions.) 

No satisfactory method for evaluating activities in the resin phase has yet been published 
and all that can be derived at present from experimental data is : 


x Sur, 


For the more common univalent ions in chloride solutions of total ionic strength less than 
0°05 the ratio fy+,//u>, 18 only a few per cent. greater than unity and can generally be neglected 
without introducing serious error. 

If an exchange isotherm for a resin is determined (the plot of X, against X, at a constant 
temperature) the value for K‘ can be calculated at any stage in the exchange process. 

Kitchener and Kressman’s work on the exchange of various cations with a sulphonated 
phenol- formaldehyde resin in its ammonium form indicated that the values of K’ were practically 
constant, but the range of X, values for which their constants were calculated was only about 
04 to O07. Similarly, from the work of Boyd, Schubert, and Adamson the mass-action law 
would appear to be obeyed in the case of the sodium—hydrogen exchange over the range X, = 0°3 
to X, = 09. However, in preliminary experiments in these laboratories on the exchange 
between hydrogen ions and the ions of lithium, sodiam, potassium, ammonium, silver, and 
thallium on a sulphonated phenol-formaldehyde resin, it was found that values for K’ varied 
considerably. In every case the value decreased by some 10-20%, as X, increased from 
to 

A recent investigation by Duncan and Lister (J., 1949, 3285; see also Faraday Society 
symposium on Chromatographic Analysis, 1949) on the exchange of sodium and hydrogen tons 
on Dowex 50 has confirmed the variability of the mass-action law constant with X,, and Gregor 
(J. Amer, Chem. Soc., 194%, 70, 1293) predicts such a variability as a necessary outcome of most 
exchange processes, 

The work described in this report was carried out with the object of determining the extent 
of the variability of A’, as it is of considerable practical importance to know precisely what 
significance can be attributed to a mass-action law constant. This investigation has been 
restricted to an examination of the exchange of potassium, hydrogen, and ammonium ions 
(especially the first two) on two types of resin, a sulphonated cross-linked polystyrene and a 
sulphonated phenol-formaldehyde resin. The results reported here largely confirm the findings 
of Duncan and Lister and in addition may throw some light on apparent anomalies in the results 
of various workers in this field. 


General Tecunigue. 


A. Progresswwe-batch Method.— A sample of 2—5 g. of dry hydrogen-form resin, of exchange 
capacity C, milliequivalents (an amount possessing an exchange capacity of about 10 milli- 
equivalents should be used), is placed in a dry 250-ml. conical flask, and Y ml. of a solution of 
the exchanging ion M*, diluted to 125 ml. with water, are added. The solution of M* used 
contains m milliequivalents of ion per ml. The resin and solution are then shaken mechanically 
in a thermostatically controlled water-bath until no further exchange takes place. 

A fraction, /, of the resulting solution is removed and the number of milliequivalents of 
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hydrogen ion, s,, in this aliquot determined by titration with standard alkali (approximately 
0-05~.). If the resin is in the form of fine particles the aliquot, /, should be pipetted through 
a small sinter kept permanently in the flask. 

To the remaining solution in contact with the resin 6. Y mi. of standard M* solution are 
added and the volume again adjusted to 125 ml. with water. After equilibrium has been 
reached for the second time at the correct ten.perature a further aliquot / is removed and the 
number of milliequivalents of hydrogen ion now present, s,, determined. 

Similarly for the sth experiment, 6*~'. Y mi. of M* solution are added and the number 
of milliequivalents of H*, x,, in the sth aliquot is determined by titration. With such an 
experiment it can be proved that after the sth exchange 


/ 


and Xa, = — — — 


The expression for X,, can be simplified by grouping the constants to form a factor é,, where 
4, = (1 —f — d)/f(l — f)* — &*), which can be calculated for each value of » when the values 
for f and 6 are decided upon, and hence : 


Thus by use of equations 2 and 3 an isotherm can easily be constructed from a series of simple 
titration experiments. For most univalent exchanges it is found that a value of 1°25 for 
+ gives a suitable spacing of points on an isotherm. In order to keep the total ionic strength of 
solutions to a minimum, so as to avoid the necessity of making activity corrections, / should be 
at least 0-8 (a 100 ml. portion from 125 ml. has been used in this work). The best value for 
Y depends upon the value for K’ and it can be shown that for the first point on the isotherm 
to be at X, = 0°125, Y should be equal to (C,/56K" . m)(1 + 7K"). Clearly b*~*. Y must not 
exceed 100 ml., i.e. Y should not be greater than about 15 ml. for an 8-point isotherm. 

A technique similar to that outlined above can be used when the resin is in the M*-saturated 
form, b*~!. Y ml. of acid solution containing m milliequivalents of H* per ml. being added, 
and the number of the milliequivalents of hydrogen ions in the aliquot / again being determined. 
These experiments check the “ forward” isotherm (first point X, — 0125) by a “ back” 
isotherm (first point X, = 0875). The formule for calculating X,, and X,, are similar to 
2 and 3 above, viz : 


x ) le 


with the m and Y values referring to the acid added. 

The value for Cy used in equations (2) and (4) is best determined from the titrations actually 
made during the determination of the isotherm. For example, if after the determinations of 
the last point on a “ forward " isotherm of the exchange of M* with H,, the resin is transferred 
quantitatively to a tube and the remaining hydrogen ion eluted by a strong solution of M*, then : 


E 
where E is the number of milliequivalents of hydrogen ions removed from the resin. 

Clearly, although most convenient for exchanges involving the hydrogen ion, the technique 
outlined above can be used for any other univalent exchange, the titration with standard 
alkali being replaced by a suitable determination of the ion used in place of the hydrogen ion. 

It has been found that, owing to experimental errors, accurate values of K’ cannot be 
calculated from the first point in either the “ forward” or “ backward " determination and, 
for the same reason, no value for X, outside the range 0°125—-0-90 should be used. All points 

on the isotherm of X, value greater than 0°9 or less than 0-2 should be 

B. Single-batch Method.—To check any one point on an isotherm, the X, and the X, value 
can be determined in a single experiment by equilibrating a resin of known capacity, C, milli- 
equivalents, with a solution of known initial X, value and determining the amount of one of 
the ions remaining in the solution. Thus if a solution which initially contains A milliequivalents 


1848 Cosgrove and Strickland: Cation-exchange Resins 


of M* and 8, milliequivalents of H* is equilibrated with a resin in the hydrogen form and is 
thereafter found to contain 2, milliequivalents of H* 


Xe = (4 + B, — + B,) @ 
Xe = (By — 


If the amount of M° in the solution in equilibrium with the resin is also directly determined and 
not assumed to be equal to A — (8, — B,), then a complete check can be made on the quantit- 
ative nature of the exchange and any adsorption phenomena revealed. As deposition on 
apparatus walls, etc., can be assumed to be absent with univalent ions, it is not necessary 
to analyse directly the resin phase. Such analysis would probably only introduce unnecessary 
error 

Although useful for single-value determinations and for the confirmation of quantitative 
jon exchange, the above technique is less suitable than the progressive-batch method when it 
is desired to determine a complete isotherm. The progressive batch method is considerably 
more rapid and convenient, and is more economic in the use of both resin and exchanging ions. 

C. Column Method.—The progressive-batch method is not sufficiently accurate for a 
satisfactory determination of points at either extreme of an isotherm, 1.¢., where X, is less 
than 0-2 or greater than 0°9, and the single-batch method necessitates the use of undesirably 
concentrated solutions and is somewhat inconvenient when several determinations have to be 
made. For the determination of X, and X, at either end of the isotherm a procedure has been 
devised in which a solution of known X, value is used and the X, value of the resin in equilibrium 
with this solution is determined. 

In this method, which will be called the column method, about 10 milliequivalents of resin 
are placed in a glass tube so as to make a column 5—10 cm. long. The column is jacketed 
with water at a thermostatically controlled temperature and a solution of known X, composition 
and correct temperature is poured through the tube at a rate of 56 ml. a minute until the 
resin has assumed the correct equilibrium composition. The resin used is initially saturated 
by the ion of which it will finally contain most. Finally the resin is slowly washed with water 
until the eluent is ion-free. 

To ensure reasonably rapid attainment of equilibrium at least 0°2m-solutions must be used. 
These are too strong for activity corrections to be neglected but the resin while being washed 
will to some extent equilibrate with progressively more dilute solutions until its composition 
is probably not far removed from the “ ideal” value. 

Points on an isotherm can now be plotted, as the values for X, are already known and the 
X, values can be obtained by suitable analysis of the resin column. For example, if the column 
has been used to obtain an X, value for the H, to M, change with X, small, the M on the resin 
is eluted by strong acid and the eluent analysed for this ion. The total capacity of the resin 
in the column is then determined by eluting it with a strong solution of M* ions and determining 
the amount of acid in the eluent. The resin is then in a condition in which it can be used to 
obtain a point at the other end of the isotherm. 


EXPERIMENTAL. 


Materials Used.—-Potassium and ammonium ions were used as standard solutions prepared direct! 
from the dried AnalaR quality chlorides. Hydrochloric acid solutions were prepared from Anala 
material and standardised against anhydrous sodium carbonate 

The resins used were Zeo-Karb 215, a sulphonated phenol-formaldehyde manufactured by Permutit 
Led, and a sulphonated cross-linked polystyrene of a similar type to Dowex 50. The latter, which was 
prepared at the Chemical Research Laboratories, Teddington, and supplied by courtesy of the Director, 
will be referred to as the C.R.L. resin. It was used, as received, in the form of spherules of uniform 
size (passing 1S. 100 sieve but retained by B.S. 150) the capacity being about 5 eye 
«. of dry resin. The Zeo-Karb resin was carefully ground and two fractions used, one passing 
sieve 12 but retained in B.S. 25 and the other passing B.S. 60 but retained on B.S. 150. These fractions 
will be referred to as coarse and fine Zeo-Karb, respectively. The capacity of the Zeo-Karb resin was 
about 2 milliequivalents per g. of dry resin. Before use the resins were ked into columns and 
eluted alternately with 2n-sodiam chloride solution and 2n-hydrochloric acid, the cycle being repeated 
at least twice. The resins were finally washed thoroughly with re-distilled water. 

Conditions fow Equiltbvium.—In the single- and progressive-batch ex ments it was found that no 
appreciable increase in the amount of exchange took place after shaking the resins for 14 hours in contact 
with a solution of potassium chloride 

This was shown to apply to both the coarse Zeo-Karb and the C.R.L. resin at 20°, and to apply 
an ge of whether the resin was in a © or potassium form All batch experiments were 

therefore assumed complete after 100 minut ing 
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In the columa of the resin was the same whether 1000 ml. or 500 ml. 
Fro. 1. Pio. 2. 
K+ /H* exchange on Zeo-Karb 215 K*/H* exchange on coarse Zeo-Karb 215 at 20° 
poy) and 30". 
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Fro. 1. © Forward progressive batch. hatch. x Column. 


Fie, 3. Pia. 4. 
K*/H* exchange on fine Zeo-Karb 215 at 20° K*/H* exchange on C.R.L. resin at 20° 
and and #0". 
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rathe: and exchange. However, it was found that this Syaeetpals 
could be easvected for in whee em og riments by carrying put a blank. The amount of acid 
in this blank was to the fraction of susin in the hydocgen focw and hence suitable corrections 
could be made at any X, value from a biank carried out on the resin entirely in the hydrogen form. 
Methods he sis.—Hydrogen-ion concentrations were determined in all experiments by titration 
with standard 
The ammonium-ion concentration was determined vol umetrically by the addition of a known excess 
of standard alkali followed determination of the amount left after removal of ammonia by boiling. 
When hydrochloric acid was present any excess of this acid was removed by careful evaporation, 
and the remainder neutralised before addition of the standard alkali by al acid by 
Potassium, bee only with hydrochloric acid, was determined removing 
repeated evaporation with water, and then then satimating the chloride loft by titration with merceric nitrate. 


| 
| 
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25 
% 20 
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was present with ammonium salts the latter were by sodium by 

hydroxide solution and the m in the resulting mixture deter- 

as the perchlorate. After the salts had been heated to fuming with a very slight excess of 

peschiuate acid to convert the chlorides into hlorates, these were extracted with dry ethy! acetate 

to remove the sodium salt. To compensate traces of potasssum and ammoniem introduced during 

the analysis, each determination was standardised by the simultaneous analysis of a synthetic mixture 
of similar composition, containing a known amount of potassiam. 


Fis. 5. Fie. 6. 
/H* exchange on resem at 20°. K* /NH,* exchange on C.R L. resin at 20°. 


Eaperimental Data —The experimental! data obtained in this investigation are summarised d 
matically in Figs 1-6 Pig | shows a typical isotherm obtained by the progressive-batch method with 
“ots obtained by column experiments at each end. Mass-law constants for each exchange studied 
ve been calculated at regular X, intervals from the best curve through the plot of progessasive-batch 
experimental data. A plot of A’ against X, is shown by the continuous lines in Fig. 2-6. A’ values 
from column experiments are shown in these diagrams by crosses 
in addition to the above experiments; single-batch experiments were made with all the exchanges 
posible between potassium, hydrogen, and ammonium ions, by using the C.R.L. resin at 20°. The 
results of full analyses of the aqueous phases, before and after exchange, are shown in Tables I—II1. Two 
mass-action law constants have been calculated from these data. A, is the value which would be 
calculated solely from a consideration of the quantities of exchanged ion,* as is done in the progressive- 
batch experuments. Ay is the “ true “ exchange constant calculated from a consideration of the actual 
tonic composition of both resin and solution two K values are also shown in Figs 446. 250 MI 
of solution and 3g. of resin were used in the experiments at low X,, in the experiments at high X, 
value 400 ml. of solution and 1-5 g. of resin were employed 


Taste 1. 
Potassium hydrogen exchange, C.R.L. resin at 20°. 
Composition of solution (milliequivalents of ion), 
initial solution. final solution. Exchange Mass-law constants, 
Kt K* Hr K* (on). (off). K, Kp. 
S120 7410 2196 2200 «2-77 (X,_ ~ O211) 2-32 = 0-202) 
25.00 oo 20-69 au 431 au 1-66 (X_ = 0-888) 


Tasre I. 
Ammonium jhydrogen exchange, C.R.L. resin at 20°. 
H*. NH,* (on). H* (off) 
7-175 2.083 18 0-200) 1-86 0192) 
0-932 7310 2.072 (Xq ~ 201) 1-85 (X_ 0191) 
19-95 503 1-47 0-853) 
Taste III, 
Potassium ‘ammonium exchange, C.R.L. resin at 20°. 
NH,*. (on). NH,* (off) K,. Kr. 
1653 174 ‘32 0-160) 1-17 (Xq 0-153) 
2 


1 
1610 1-700 1-28 0160) 1-12 (X_ 0-152) 
465 456 1-30 = 0-852) 


* When an ion M,° displaces an ion M,* from a resin the reaction will be referred to for brevity as 
the M,*/M,* exchange. M,° being called the exchanging ion and M,* the exchanged ion. 


} 
i Ar 
; a Found Lig 
NH,’ He 
3.000 S000 
3004 6-120 
2408 
NH, 
3.000 7000 
ooo 
25.00 ooo 20:35 4M“ 
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Discussion, 

It is clear from the figures that no mass-action law constant for the simple exchanges studied 
in this investigation can be calculated by using equation (1). Although, as suggested by 
Kitchener and Kressman (loc. cit.), changes of activity of an ion in solution may be compensated 
for by activity changes of the ion in the resin phase, the activity of the resin phase per se is 
itself not constant, even in dilute solutions, and varies with the ionic composition of the 
exchanger. This has already been considered by Kieland (/. Soc. Chem. Ind., 1935, 54, 232; 
Tids. Kjemi, 1935, 15, 74) for inorganic exchangers. The correction suggested by him, which 
leads to the expression : 

log K* = log Ka — — 2X) 


where Ka is the true thermodynamic exchange constant and C an “ activity correction ” 
constant, applies fairly well over the range X, = 0°35--0°75 but fails badly outside it. At 
present it is doubtful whether any practical activity correction can be devised which will apply 
over the whole isotherm. 

In part at least this is due to phenomena other than true exchange taking place, as will be 
seen from a consideration of the experimental data. 

The A’ values obtained from column experiments at a small X, value were determined by 
measuring the amount of exchanging ion on the resin, and they thus measure true exchange 
together with any adsorption of the exchanging ion. In these circumstances adsorption 
equivalent to only a few per cent. of the exchange capacity of the resin is sufficient to cause a 
considerable increase in the apparent value of K’. A similar measurement is made in Duncan 
and Lister's break-through volume method and from the hump in the plot of against 
X, obtained by these authors it would appear that, in the sodium/hydrogen exchange, true 
exchange is taking place together with a variable amount of adsorption, the latter being at a 
maximum at X, = 01—02. In our own investigation points to the left of such a maximum 
have in general been obtained, although for the exchange on coarse Zeo-Karb at 20° and fine 
Zeo-Karb at 20° and 30° the points appear to be situated on the peak or to the right thereof. 
Apart from adsorption phenomena it may well be that the true exchange constant is itself 
decreasing with X,, as witness the exceptionally low value of K’ at X, = 0°024 in the NH,*/H* 
exchange (Fig. 5). 

K’ values from progressive-batch experiments, over the range X, = 04-09, a 
closely to true exchange constants. This is probably also the case with K’ values obtained 
from column experiments at high X,. The latter have been calculated from a determination 
of the quantity of exchanged ion still left on the resin and could therefore be spuriously low in 
the event of an adsorption of the exchange ion taking place. 

The Ky values from single-batch experiments also confirm, within experimental error, the 
general trend of the isotherms, but it will be noted that the A’ values are high and there appears 
to be more exchanged ion leaving the resin than exchanging ion going on to it. This effect 
is probably the result of water being absorbed by the resin and not, as might be supposed, 
from a desorption of exchanged ion. In those experiments shown in the tables which were 
made at a low X, value 3 g. of air-dried resin were added to 250 ml. of solution. The amount 
of pure water absorbed from the electrolyte solution by this resin is difficult to estimate exactly 
but it is probably sufficient (1°5—2°5 ml.) to account for the apparent non-equivalence of 
exchange and to reduce K, values to those of Ky, the latter being substantially unchanged. 

Methods depending solely upon the measurement of the exchanged ion in an aliquot of 
solution are therefore very sensitive at low X, to the absorption of water by the resin, unless 
a very high liquid-to-resin ratio is maintained or the amount of pure water effectively withdrawn 
into the resin phase is accurately known. With the column experiments this error is not 
incurred and by neglecting it in the progressive-batch experiments the general shape of the 
K’ against X, plot is not significantly changed except at low X, values. The first plotted 
points are here probably sufficiently in error to account for the comparatively sudden rise in 
K’ found in some experiments at values of X, less than 03-04. Values from K’ at X, = 05 
would be only 2—3 per cent. too large. 

Apart from the above outline of exchange behaviour, some of which requires further 
experimental confirmation, there are certain other points of interest arising from this work. 

The whole question of the mechanism of ion exchange has recently been dealt with by two 
different methods of approach. Kitchener and Kressman have suggested that a univalent- 
ion exchange may arise chiefly from the difference in coulombic energy of the two possible 
ion-resin electrostatic bonds. Presumably this energy difference is responsible for much of 
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the maximem work of the exchange, any expansion or contraction of the resin matrix being 
ignored. On the other hand Gregor (J. Amer. Chem. Soc., 1948, 70, 1293) interprets exchange 
on the basis of osmosis, no direct interaction of exchanging and fixed “ resin ions 
being postulated. The resin is said to undergo a volume change (Vy.,— Vys,) due to 
osmotic pressure, and by equating the virtual osmotic and PV work at equilibrium the 
expression 

is derived, where pf is the swelling pressure. 

It is of interest that both the above interpretations can be considered to be based upon 
the relationship 

«AA + f pas. 


where [piv is the work done against the external osmotic pressure, p, SG is the free energy 


and AA the work function. According to the first interpretation, AG is assumed to be 
equivalent to the maximum work done in replacing one ionic binding with another, assuming 
no significant volume changes, according to the second, the maximum work function term is 
neglected and the change in free energy assumed equal to the work of contraction or expansion 
of the resin against osmotic pressure. The two mechanisms are not necessarily mutually 
exclusive and it would be desirable to know to what extent they each contribute to exchange 
phenomena. The data for evaluating the difference in coulombic energy of ions as they 
exist on the resin are not known and it remains to be seen precisely how well affinity constants 
can be predicted from osmotic data. 

The results of the present work are of some value in deciding which of the two mechanisms 
predominates during exchange from dilute aqueous solutions, 

In the absence of activity correction data, true thermodynamic constants cannot be 
evaluated from A’, but for comparison purposes between different resins etc., by using the same 
exchange reaction, it is probably legitimate to make use of the exchange constants at some fixed 
X, value, say 05. Thus with the potassium /hydrogen exchange on the C.R.L. resin and on the 
coarse and fine Zeo-Karb 215 resin (Pig. 2, 3, and 4) it will be seen that data are available for 
calculation of the standard decrease of free energy of exchange, —AG”. If the simple form of 
the reaction isochore can be used over the temperature range 20—40° an approximate value for 
the heat of reaction AH” may also be computed and hence the change of “* bound heat" TAS” 
evaluated from the equation —AG « —ASH + TAS. The approximate values of —AG’, 
~ AH, and — TAS* at 20° for X, 0°56 are given in Table IV. 


Taste IV. 


Resin ~AG* (keals.). — AH” (kcals.). (kcals.). 
RI 0-46 
Fine Zeo-Karb 218 oar 
Coarse Zeo-Karb 215 weal 


It will be seen that the decrease of free energy at 20° is significantly greater with the poly- 
styrene resin than with Zeo-Karb 215, and this has been found to be the case with all univalent- 
ion exchanges studied. One explanation of such behaviour is that there is an appreciable 
difference in the “ distance of least separation " of the two exchanging ions (or the sulphonic 
groups on the resin) in the two materials. Alternatively, the difference could be explained by 
the increase in expansion possible with the more elastic polystyrene resin and it would be interest- 
ing to determine the variation of exchange constant with the degree of cross linkage of these 
polymers 

The most striking feature shown in Table IV, however, is the significant differences in the 
decrease of bound heat in the three reactions studied. This not only varies from the one resin 
to the other but, more important, is markedly different with the two samples of Zeo-Karb 215. 
These were from the same bottle of resin and differed only in particle volume (by a factor of 
about 50-100). As mentioned by Kitchener and Kressman, if entropy changes in the resin 
can be ignored this alteration of bound heat must arse from a change in the degree of hydration 
of the ions during the exchange. A change of only 1—2 kcals., however, seems rather small 
considering that the heat of hydration of these ions is of the order of 100-—200 keals. and even 
if the differences in hydration varied for the same exchange on two essentially different types 
of resin, it is difficult to understand how a relatively small particle-size variation in the same 
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sample of resin could have any effect. On the other hand, if part at least of the entropy change 
were associated with resin expansion and contraction, the variation between the two types of 
tesin and between the two samples of the same resin would be more easily understandable. In 
the latter case, although ideally the change of bound heat for a gram-equivalent exchange 
should not depend upon the subdivision of the exchanger, in practice the differences of internal 
strain and surface energy, etc., between bulks of resin comprised of large and small pieces 
might well give rise to such an effect. 

There remains to be considered the marked variation of KX’ with X,. This may arise from 
a progressive decrease in the effective radius of the hydrogen ion in comparison with that of the 
potassium ion, but, as mentioned above, one would expect significant changes of this nature 
to be accompanied by a considerable heat of reaction. Gregor explains the variation on the 
grounds that the virtual pV. work is not a constant and varies with the degree of exchange. 
Certainly the very marked difference between the behaviour of the C.R.L. and the Zeo-Karb 
resins at high X, might well arise from the difference in elastic properties of these materials. 

Whichever mechanism predominates the potassium/ammonium exchange (between ions 
of similar radii whether hydrated or otherwise) would be expected to be nearly unity and to 
vary little with X,. It is interesting to note that the variations of A’ with X, for the potassium/ 
hydrogen and ammonium /hydrogen exchanges, over the portion of the isotherm unaffected by 
any water absorption, effectively compensate each other. Values for K’ for the potassium/ 
ammonium exchange calculated from the ratio of these constants, as if they were true thermo- 
dynamic constants at any X, value, arein excellent agreement with the experimentally 
determined figures (see Fig. 6). 1 

Thus, although they are not, strictly speaking, thermodynamic constants, the values for 
K’ at an X, value of about 0°5 are of practical use in comparing exchange behaviour between 
various pairs of ions and various exchangers. However, the use of constants determined in 
this region for the prediction of analytical separations by, for example, Mayer and Tompkins's 
method (J. Amer. Chem. Soc., 1947, 69, 2866) is impracticable. Affinity constants for use 
when working at either end of the isotherms must be determined under conditions approximating 
as nearly as possible to those to be used during the proposed separation. 


Acknowledgment is made tu the Chief Scientist, Ministry of Supply, for permission to publish this 
sy The authors ex their thanks to Miss J. Platt for assistance in the experimenta! work, and 
to Dr. K. W. Pepper and others for helpful advice and criticism. 
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375. Synthesis of Some Glyoxalino(\' 2'-1 : 2)quinolines. 
By J. M. Osponp. 


In an attempt to prepare quinoline derivatives with two basic side chains, 2 : 4-dichloro- 
quinoline was readily converted into the corresponding 2 : 4-di-(2-chloroethylamino)quinoline 
hydrochloride. The base (II) derived from this, however, under the influence of bases such 
as morpholine or aqueous alkalis yielded a dihydroglyoxal uinoline by cyclisation of the 
side chain in the 2-position with the quinoline-nitrogen atom. reactions and derivatives 
of this type of ring system are described. 


It has been demonstrated (Fulton, Joyner, King, Osbond, and Wright, Proc. Roy. Soc., 1950, 
B, in the press) that certain 4-alkylaminoethylaminoquinaldines display high action against 
Entame@ba histolytica tn vitro, approaching in some cases the activity of emetine. In an attempt 
to extend this work, it was thought to be of interest to prepare 2 : 4-di(alkylaminoethylamino)- 
quinolines. It was hoped that 2 : 4-di-(2-chlorcethylamino)quinoline hydrochloride (cf. II) 
would, when condensed with various primary and secondary amines, afford a series of homo- 
logous quinolines. 2: 4-Di-(2-hydroxyethylamino)quinoline (I), which was readily prepared 
by heating 2 : 4-dichloroquinoline with an excess of ethanolamine, was identical with a specimen 
previously obtained as a by-product in the condensation of ethanolamine and 2-anilino-4- 
chloroquinoline (Fulton et al., loc. cit.). 

This dihydroxy-base (I) with phosphorus oxychloride gave the hydrochloride of the corre- 
sponding dichloro-compound (IT) in good yield. When this hydrochloride was condensed with 
morpholine the expected dimorpholino-derivative was not obtained. Instead, a quaternary 
chloride was isolated as the hydrochloride, C,,H,,ON,CI,HC1: the chlorine atom of the side- 
chain in the 4-position had been replaced by the morpholino-radical whereas the chlorine atom 
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in the side chain in the 2-position had formed a quaternary salt with the ring nitrogen atom, 
thus giving 4: : 2’-1 2)quinoliniam 


NHWCH,) 


ea 
ww 
(VIL) (VUL) 

chloride hydrochloride (cf. 111). When a solution of the hydrochloride of (II) was treated 
with cold saturated sodium hydrogen carbonate solution, the base (II) separated as a pale yellow 
oil which, if left in contact with the aqueous solution, soon dissolved. The oil could however 
be isolated by rapid extraction with ether, but the solution thus obtained, when kept at room 
temperature, soon became cloudy and deposited 4-(2-chloroethylamino)-4’ : 5’-dihydro- 
glyoxalino(3’ : 2’-1: 2)quinolinium chloride (VII) as colourless crystals, readily soluble in 
water, in which they gave rise to chlorine ions. When, however, dilute aqueous sodium 
hydroxide solution was added to a solution of the hydrochloride of (II) a colourless oil separated 
which rapidly became yellow; on gentle warming of the mixture for a short while, the oil 
solidified to a yellow solid melting above 320°. This contained halogen but not in an ionic 
form, and is the anhydronium base, 4-(2-chloroethylamino)-¢’ : 5’-dihydroglyoxalino(I’ ; 2’- 
1: 2)quinoline (V1); with dilute hydrochloric acid, it gave (VII). Similarly, although the 
quaternary chloride (VII) was stable to sodium hydrogen carbonate solution, addition of 
aqweous sodium hydroxide gave (VI) which was identified by reconversion into (VII) and was 
further characterised as the corresponding quaternary bromide (cf. Armit and Robinson, /., 
1926, 1604; Holt and Petrow, /., 1948, 922). Treatment of the quaternary salt (VII) with 
hot dilute alkali for a longer period gave an amorphous material insoluble in all the normal 
solvents and no longer giving a crystalline hydrochloride. 

Since (VII) is readily converted into (VI), formation of the anhydronium base (VI) by treat- 
ment of the salt (II) with sodium hydroxide probably proceeds by way of (VII). The inter- 
conversion of (V1) and (VII) probably proceeds by the mechanism formulated below. The 
quaternary salt has the resonance forms (VII, Vila, and VIIb; R — H), resembling those of 
an amidine salt, and gives in the presence of hydroxyl ions a quaternary hydroxide which 
readily loses water in its pseudo-base form (IX; R = H) to give the anhydronium base. This 
base can also exist in three resonance forms, two of which are (VI) and (VIa), and by the addition 
of a proton gives the quaternary salt (VII). Since the pseudo-base (IX; RK = H) is a possible 
intermediate in the conversion of (VII) into (V1) an attempt was made to isolate it by treating 
(VII), im the cold, with alkali and then immediately extracting the base with chloroform. 
However, only the anhydronium base was isolated. Since, moreover, pseudo-bases readily 
form the corresponding methoxy- or ethoxy-derivative in the presence of methyl or ethyl 
alcohol respectively (cf. Decker, Ber., 1900, 33, 1715; J. pr. Chem., 1892, 45, 182; Holt and 
Petrow, /., 1948, 919), a solution of the quaternary chloride (VII) in ethyl alcohol was made just 
alkaline with dilute aqueous sodium hydroxide and set aside at room temperature. From this 
a yellow crystalline material was isolated which did not contain halogen and in water gave a 
strongly alkaline solution. Analysis indicated it to be 1 4-bis-[4' : 2’- 
1 : 2)quinol-4-yl)piperazine (XII) derived from two molecules of (VI) by loss of hydrogen 
chloride (ef. Knorr, Ber, 1905, 38, 3135; 1906, 39, 1420; Hanby and Rydon, J. 1947, 513). 

With methyl iodide at room temperature (VI) gives a quaternary methiodide, which is 
formulated as 4-(2-chloroethylamino)-4’ : 2’-1 : 2)quinolinium 
iodide (V), rather than the alternative (VIII). It has already been shown that the yellow 
anhydroniam base (VI) gives by proton addition, colourless salts (VII) thus allowing the 
quinoline system to re-establish its conjugated structure; it therefore seems probable that 
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addition of methyl iodide (VI) will similarly give the more stable structure (V) rather than 
retain the less stable arrangement of bonds represented by (VIII). It is interesting that Mann (/., 


(VIa.) (VI) (XL) (XIL) 


1949, 2816) discusses the somewhat similar case where treatment of the bright greenish-yellow 
base, 1-phenyl-¢-indolo(3’ : 2’-3 : 4)quinoline (IV), which has a vinylogous relationship with 
the anhydronium base (VI), with acids gives a colourless cation owing to the formation of the 
normal aromatic structure of the indole and quinoline system but that the mono-methiodide 
and -ethiodide are buff-coloured, probably owing to a resonance hybrid. In the present case, 
however, the methiodide (V) like the other quaternary salt (VII) is colourless as would be 
expected. When the methiodide (V) was warmed on the water-bath with dilute sodium 
hydroxide a yellow gummy product was formed and 2-chloroethylamine was readily evolved. 
The unsubstituted quaternary salt (VII) did not undergo a similar change under these conditions 
but gave, as already described, the anhydronium base (VI). The cation of the monomethiodide 
(V) has also the resonance forms (VII, Vila, and VIIb; R = Me), and the quaternary hydroxide 
can presumably give rise to the two possible pseudo-bases (IX and X; R = Me). In this 
case, owing to the lack of the necessary hydrogen on the nitrogen atom in the 1-position, 
(IX; R = Me) cannot readily lose water. The other pseudo-base form (X; R = Me), how- 
ever, can give 2-chloroethylamine and a glyoxalinoquinolone. 

The quaternary chloride (VII) readily condensed with morpholine or piperidine to give 
respectively the morpholino-derivative (III) already cman and the analogous piperidino- 
compound. 

Although four 4’ : §'-dihydro-6'-ketoglyoxalino(3’ : 2’ : 1 : 2)quinolinium salts have been 
prepared by Harriman (U.S.P. 2,421,693; Chem. Abstr., 1947, 41, 6830) by the condensation 
of 2-aminoquinoline and the appropriate a-halogenated acyl halide, no properties or reactions 
of these compounds are given and no earlier reference to this ring system can be found. A 
parallel series of reactions has, however, been carried out with 2-(2-chloroethylamino)pyridine 
hydrochloride and its derivatives by Bremer (Amnalen, 1935, 521, 286) who found that this salt 
when warmed with strong alkali gave 4: 5-dihydropyriminazole. The free base, 2-(2-chloroethy!- 
amino)pyridine, was isolated and gave a quaternary salt in the hot, but no properties or analyses 
for these two compounds are given. Of particular interest was the cyclisation of 2-(N-2-chloro- 
ethyl-N-ethylamino)-5-nitropyridine with potassium carbonate to a base which Bremer 
considers might be the pseudo-base (X1). 

An attempt was made to prepare a 2: 4-di(alkylaminoethylamino)quinoline by condensing 
2 : 4-dichloroquinoline and diethylaminoethylamine in the presence of copper powder. Although 
a vigorous reaction took place no crystalline base or salt was obtained even after fractional ex- 
traction of the base with alkali (cf. Buchmann and Hamilton, ]. Amer, Chem. Soc., 1942, 64, 1357). 

(I), and (VII), and the piperidino-analogue of (111), when tested 
against E. histolytica by the method of Laidlaw, Dobell, and Bishop (Parasitology, 1928, 20, 
207) by Dr. J. D. Fulton of this Institute, had only slight amerbicidal action. 


EXPERIMENTAL. 
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1357), and ethanolamine (30 c.c., 5 mols.) were heated in an oil-bath until the external temperature 
reached 110°. When the internal temperature reached 05-100" the two layers mixed and the tem- 
perature rose to 125". The flask was then removed from the oi!-bath and, when the internal temperature 
rose to 160°, the reaction was moderated by cooling the flask. The mixture was then heated for a 
further 20 minutes at 145° and red into water (800 ¢.c.), and the yellow oi] which separated dissolved 
by warming the mixture to . The yellow solution was made alkaline by the addition of excess of 
2n-sodium hydroxide, and the precipitated crystalline base was collected and crystallised from ethanol, 
(1h), separating in colourless needles (21 g.), m. p. 196-191" (Found ; N, 166. Calc. for C,,H,,O,N,: 
N_170%). A mixed m p. witha imen (m. p. 193°) supplied by Dr. H. King showed no depression. 
Treatment of the base with w-hydrobromic acid gave a monohydrobromide which separated from ethanol 
as clusters of prisms, m. p. 184° (Pound: C, 47-0; H, 57. C,.H,,O,N, HBr requires C, 47-6; H, 
55%) 
4-Di-(2 -chlovoethyl dime Hydrochloride (11)-—The dihydroxy-base (24-7 g.) was added to 
horus oxychloride (120 c.c.}). After | minute a vigorous reaction started at room temperature, 
the mixture was vigorously shaken, and the flask plunged into cold water. When the reaction had 
subsided the clear solution was heated on a water-bath for | hour. The excess of phosphorus oxychloride 
was removed on the water-bath under reduced pressure and the syrupy residue poured into water 
(200 ¢.c.) and warmed slightly to facilitate decomposition of the complex. The mixture was left over- 
night at O°. The solid was collected and crystallised from methanol-ethy! acetate from which the 
hydrochloride separated slowly in rosettes of long slender prisms (30 g.), m. p. 133° (Found: C, 46-2; 
H, 63: 124; Cir, 113; HO, 50. requires C, 46:1; H, 53; N, 12-4; Cl-, 
10-8; H,O, &3%). After being dried at 100° the anhydrous Aydrochlonide has m. p. 145° (Found : 
C, 4805; HL GL HC! requires C, 487; H, 5-0%) 

4’: W-Dihydre-4 a morphod Chloride Hydrochloride 
(II1}.—-(a) The hydrochloride (II) (5 g.) and morpholine (15 c.c.) were heated on a water-bath for 30 
minutes. The salt dissolved and after 15-20 minutes a heavy solid was precipitated. The mixture 
was cooled to 0", ether was added, and the solid material collected and oats in slight excess of 
dilute hydrochloric acid. The solution was taken to dryness and the resulting solid gave after several 
recrystallisations from ethanol the quaternary chloride hydrochloride (2-5 g } in sheathes of woolly . 
200° (Pound: C, 52-7; H, 606, N, 130; H,O, 55. requires C, 52-4; 
H, br: N. 144; H,O, 46%). A specimen was analysed after drying at 115° for 5 hours (Found : 
C, 560; H, 70. yON,CLHCI requires C, 55-0; H, 65%) 

(6) Prepared in the same way as the piperidino-compound recorded below, from (VII) and 
morpholine, the salt separated from alcohol in needles, m. p ’, undepressed on admixture with that 
recorded in (a) 

4 suspension of 2: 4<li-(2-chiorcethylamine)quinoline hydrochloride (10 g.) in water (300 c.c.) was 
added a cold saturated solution of sodiam hydrogen carbonate (250 c.c). The pale yellow oil 
precipitated was rapidly extracted with ether (3 x 100 c.c.). If the free base is not extracted at 
onee it cyclises spontaneously and dissolves in the aqueous solution. The filtered ethereal extract 
rapidly became cloudy and when kept at room temperature deposited colourless crystals. The 
there was distilled off and the resulting white solid was recrystailised from ethanol from which the 
quaternary cAloride separated in long prisms (4-0 g.), m. p. 220-—221° (Found: C, 52:1; H, 61; N, 
143; lid; HO, 63. requires C, 51-7; H, 63; N, 139, 11-7; H,O, 
60%). The salt was dried for analysis at 115° (Found: C, 553; H, 50; N, 143. C,,H,,N,CI), 
requires C, 54-9; H, 53, N, 148%). Treatment with excess of n-hydrochloric acid gave the quaternary 
chloride unchanged. An aqueous solution of the salt is unaffected by treatment with sodium hydrogen 
carbonate or sodium carbonate solution, but a yellow base is precipitated when 2n-sodium hydroxide is 
added (see below) 

(6) The crade anhydronium base (V1) (see below; from (IT) (30 g.)) was treated with hot n-hydro- 
chiorec ack (75 ¢.c.), and the resulting solution was concentrated under reduced pressure. After cooling, 
the white crystalline mass (20 g.) was collected and crystallised from ethanol in long prisms (19-5 g.), 
m. p. 210221", identical with the chloride described above (mixed m. p.). Similar treatment with 

ueous hydrogen bromide gave the corresponding bromide as colourless needles (from ethanol), m. p. 
220° (Found: C, 474; H. 40; N. 12-8. requires C, 47-5; 46; N, 12-8%) 

2\guinoline (VI)-—(a) To a solution of 
2: 56-di-(2-chiercethylamino)quinoline hydrochloride (17 g.) in warm water (150 c.c.) was added 2n- 
sodium hydroxide (50 ¢.c.). The white oil, which separated, rapidly became yellow and, after warming 
of the mixture at 40° for 5 minutes, the yellow oil solidified { he mixture was cooled rapidly and the 
yellow giyosalimoquimoline collected and crystallised from ethanol as bunches of fine yellow prisms or 
from ethyl acetate, in which it is only sparingly soluble, as stout yellow prisms, m. p. > 320° (Pound : 
C, 63:2; N, 162. C,,H\.N,CI requires C, 63-0; H, 565; N, 16-95%). The base, which gives 
& positive Beilstein test, gives with potassum dichromate and concentrated sulphuric acid a greyish- 
green colour which develops through reddish-brown to olive-green 

(+) The chiorkde (VII) (1-4 g.) in water (10 c.c ) was treated w’.h 2n-sodium hydroxide (20 ¢.c.); 
the yellow oil which separated solidified on slight warming and scratching. The base (V1), when collected, 
washed with water, and dried, had m. p. < 320°. Treatment with dilate hydrobromic acid gave the 
quaternary bromide, which separated from ethanol in colourless needles, m. p. 219°, and gave no depres- 
sion of m. p. when admixed with the bromide described above 

(1-45 ¢.) in ethanol (50 ¢.c.) was kept in 2n-sodium hydroxide (2 c.c.) for several weeks at room tem- 
perature. After filtration, the yellow solution was evaporated to dryness under reduced pressure. The 
yellow solid residue was triturated with ether and filtered off The piperazine separated from benzene 
in short stout yellow . m. p. 167"; it does not melt sharply, and gradually forms a meniscus 
above 167° (Found. C, 73-0; H, ; N, 19-7. C,H N, requires C, 73-9; H, 61; N, 19-09%). 


Bd 
A 


[1950] Dependence of Optical Rotatory Power, etc. Part XXXVII. 1857 


4-(2-Chloroethylamino)-4' 5'-dibydro-| 2’-1 Todide (V).—Methyl 
tion of (VI) (0-5 g.) in methyl 


iodide (0-28 g.) was set aside overnight at room in a 
alcohol. The long slender needles, m. p. 225-226", from 
methanol to give the colourless quaternary methiodide, m. p. 226° (Found : 42-7, H, 45; N, 10-9. 
Cll requires C, 43-1; H, 44; N, 

Action of Dilute Alkali on the Methiodide ~The methiodide (V) (10 was boiled with 2n- 
sodium hydroxide (15 c.c.) for 10 minutes and the basic vapour, which was i pein 
into dilute hydrochloric acid. The acid solution was taken to dryness under reduced pressure th 


alcohol was added and then removed under reduced pressure, to give a colourless hygroscopic —_ 
(0-03 g.). Aqueous sodium picrate was added to this and a yellow picrate in long needles, m. p. 140—— 
141°, separated at 0°. Recrystallisation from a small amount of water gave 2-c hloroeth ylamine picrate, 
m. p. 141-142". A mixed ™ with an authentic specimen (m. p. 142-143") showed no de 
(Ward, J. Amer. Chem. Soc., , 57, 914, gives m. p. 142-143"). No crystalline material ‘has yet 
er obtaind from the yellow ae product which remained in the distilling flask 
2'-1 2)quinoliniun Bromide Hydrobromide— 

The. chloride (VII) (2-8 g., 1 mol.) was heated on the water-bath with piperidine (10-9 c.c. 10 mols.) for 
30 minutes. The salt gradually dissolved and after 15-20 minutes a red oil separated which gradually 
solidified on further heating to give a heavy yellow — The mixture was cooled to 0°, ether 
was added, and the solid collected and washed with et bara gee of the solid with nx-hydro- 
bromic acid (40 c.c.), evaporation to dryness under reduced pressure, crystallisation from oaenst 
ave the bromide hydrobromide in colourless short needles, m. p. 202° “(round C, 46-7; H, &8; N, 

20. C,,H,N,Br, HBr requires C, 47-2; H, 57, N, 122%). The chloride Aydrochloride separated 
from ethanol in microcrystalline form, m. p. 205° (Pound: C, 56-7; H, 73; N, 143; H,O, 52. 
Cl. HC1,H,O requires C, 55-8; H, 7-2; N, 145; H,O, 47%). 

Reaction between Drethylaminoethylamine and ¢-Dichloroquinoline. 4-Dichloroquinoline (1-97 
«1 TE ), 2-diethylaminoethylamine (6-9 g., 6 mols.), and copper powder (0-25 g.) were heated in an 
oil-bath. At 120° a vigorous reaction ensued and the mixture was then heated at 140° for a further 
3 hours. The mixture was treated with dilute alkali and the bases were extracted with chloroform. 
The chloroform and excess of base were removed by distillation at 130° under reduced pressure. The 
remaining red gummy base could not be induced to crystallise or to give a crystalline salt. The base 
was fractionally extracted from n-hydrobromic acid (40 c.c.) with n-sodium hydroxide (4 x 10 c.c.) 
and chloroform in 10 fractions. No crystalline base or salt could be obtained. 


The author thanks Dr. H. King, C.B.E., F.R.S. J.D. Fulton 
for the biological results, and Imperial Chemical Industries Limited for a generous gift of 2 : 4-dihydroxy- 
quinoline. 
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376. The Dependence of Optical Rotatory Power on Chemical Con- 
stitution. Part XXXVII.* cycloHexylphenylcarbinol. 
By P. Batre, Gisert H. Beaver, and Josern Kenyon. 


The rotatory dispersions of cyclohexylphenylearbinol and of its acetate, formate, benzoate, 
and hydrogen phthalate in the visible spectrum, and their absorption spectra between 2100 and 
200 4., are recorded. The constants are given of one-term Drude equations which fit tolerably 
well the observed rotatory dispersions. It is suggested that induced anisotropy of phenyl 
chromophores has an observable effect in the rotatory powers of the acetate, formate, and 
benzoate, and not of the carbinol itself. 


Taste | summarises the ultra-violet absorption spectrum between 2100 and 2900 a. of eyelo- 
hexylphenylcarbinol and some of its esters. In the carbinol, and its acetate, formate, and 
chloride, the absorption is due to the phenyl group, since the cyclohexyl and hydroxyl groups 
and chlorine substituents are all effectively transparent down to about 19004. The absorption 
bands of these four compounds, in wave-lengths, extinction coefficients, and fine structures, 
are typical of the benzene chromophore containing a saturated substituent (cf. Braude, Ann. 
Reports, 1945, 42, 124), the spectra being very similar to the absorption spectrum of benzyl 
alcohol, for which in ethanol, 2,,,,, occurs at 2565 a. and ¢,,,, is 178, with accompanying fine 
structure (Tables Annuelles, 18, Part 33, p. 61). In the benzoate and hydrogen phthalate, the 
presence of the second phenyl group, containing carboxyl and carbalkoxy-substituents, has 
moved the absorption bands to longer wave-lengths and increased ¢,,,, ; in the benzoate four 
maxima remain in the zone of longer wave-length, but in the hydrogen phthalate this detail has 
been suppressed. 


* Parts XXXIII, J., 1928, 3000; XXXIV, J., 1939, 633; XXXV, J., 1941, 312; XXXVI, J., 1042, 531. 
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Chioride (light petroleum) 


Hydrogen phthalate (eyelobexane) ......... 2280 
Italics denote an inflection. 


Tasie Il 


Rotatory dispersion of cyclohexylphenyicarbinol (obs. = observed; calc, = calculated from 
Drude constants in Table IV). 


Concn., 
Ethanol ............. 9715 obs. 22-52 23.42 26-13 
calc. 22.45 23.47 26-37 
Benzene. 329 obs. 28-27 25-55 
cale 28-27 29-50 
Carbon disulphide 4027 obs. 
calc. 20-71 31.00 
eyelolexane ... 3 606 obs. 31-80 32-75 
calc, 32-70 3403 
Pyrutine 9087 obs. 31-6) 33-10 
cake. 32-50 33-80 
Ethyl ether . 4030 obs. 34-5 
* Levene and Mikeska, /. Biol. Chem., 1927, 76, 587. 


Table II gives the rotatory dispersion of the carbinol in various solvents, and Table LII the 
dispersion of the esters, each in one solvent. The signs of rotatory power have been omitted ; 
it can be shown that the (+)-carbinol, (+-)-acetate, (+)-formate, and (+)-(hydrogen 
phthalate), and the (--)-benzoate have the same relative configuration (Balfe, Beaven, and 
Kenyon, in preparation). The data for the chlornde refer to the preparation of highest rotatory 
power, and for the carbinol and esters to optically pure preparations. 

Specific rotatory powers at Ags, of the carbinol and esters in a number of other solvents can 
be calculated from concentrations and initial observed rotatory powers (some extrapolated to 
zero time) which will be given in kinetic data by Balfe, Beaven, and Kenyon. 

The one-term Drude equation derived from the rotatory powers of the carbinol in ethanol 
solution gives calculated values of rotatory power which are in good agreement with the 
observed. Extrapolated straight-line plots of 1/a-d* in the other solvents cut the »* axis at 
values close to the 1," in this equation. This value for d, (i.¢., 1070 a.) was therefore assumed 


Taste 
Ultra-violet absorption spectra of cyclohesxylphenylcarbimol and its derivatives. 
Short-wave band. Long-wave band. 
Carbinol (light petroleum) 2675 103 
2525 149 
2585 16 
2645 lal 
2680 
Acetate (light petroleum) 2155 2470 le! 
2520 
2580 207 
2640 165 
2520 164 
2640 166 
... 7420 2470 552 
2525 535 
2587 ava 
2645 328 
2240 17,700 2595 765 
2665 
2740 
4 2815 795 
' 
4500. 4358. 
3453 apa 
43-62 52-89 
43-45 53.37 
46-31 55-63 
45-66 55-83 
51-95 6170 
13 61. 
62.13 
49-83 6113 
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for the data in other solvents, and values for & were calculated thereform. The resulting 
equations give calculated [a) values which are in tolerable agreement with the observed results ; 
calculation of constants from the observed results by the usual method (Lowry, ‘ Optical 
Rotatory Power,”’ London, 1935, p. 420) did not give better-fitting equations. For the hydrogen 
phthalate, acetate, formate, and benzoate in ethanol, one-term Drude equations were calculated 
which fit reasonably well the observed results. Neither a one-term nor a two-term, three- 
constant equation could be derived for the dispersion data of the hydrogen phthalate in 
chloroform, either by the usual method of calculation (Lowry, op. cit.) or by successive 
approximations from selected values for the constants. 


Taste III. 


Rotatory dispersion of esters of cyclohexylphenylcarbinol (obs. = observed; calc. = calculated 
from Drude constants in Table IV). 


¥ 


Concn., 
Solvent. g./lW00cc. 
Ethanol 20° 


Ethanol 2-307 18 
Ethanol 2-083 28 
Ethanol 4-085 21 

16 


FEES EE 


20 
Ethyl ether 96 20 
9-89 20 
* Levene and Mikeska, loc. cif {Table 10. 
+ From carbinol of about half the maximum 


Taste IV. 
Constants of one-term Drude equations, lowest id of absorption, dispersion ratios, and 
plot of — 2°. 

Carbinol. . Hydrogen phthalate. 

Drude constants, & 14-96, 10-006, 10977, 
Ay 1070 + 12245 Jj minate 
Ala.) af in absorp 2120 21) \ 2280 


Dispersion ratios 1-62, 1-61, 1-62, 1-80§ 162 
1-63, 1-65 
Plot of l/a — ¥ linear ¢ linear § linear§ concave to 
l/a axis ** 
* In ethanol, benzene, carbon ide, cyclohexane, and pyridine, in that order. 
+ In all solvents. i n light petroleum. In ethanol 
In cyclohexane. In chloroform. 


In w-hexane. 


The plots of 1/a-* for the carbinol in the various solvents, and for the acetate, formate, 
and hydrogen phthalate, are straight lines, suggesting that 2, < » < 2, (Levene and Rothen, in 
Gilman's Organic Chemistry,’ Ist Edn., New York, 1938, p. 1800; being the characteristic 
frequency of the one-term Drude equation which fits the observations in the visible spectrum, 
and ,, 4, the characteristic frequencies of the two-term equation which would presumably 
violet) : 2, is thus a lower limit to,. In the carbinol, 2, (1070 a.) is so far below the short-wave 
absorption bands (ca. 2100 a.) associated with the phenyl chromophores (see Table IV), that it 
seems probable that 1, would be derived not from these, but from anisotropy in the C-OH group 
which has its first absorption region located near 18004. The dispersion ratios for the carbinol 
fall in a range which is consistent with “ simple "’ dispersion, i.¢., a one-term equation covering 
the dispersion in the whole of the accessible spectrum : ), (1070 a.) is the characteristic frequency 


AA 

Ester. {oH 6438. 5893. 5780. S461. 4800. 4358. 
Acetate 579 7140 734 #61180 
578 «70-8 7398 61152) «61479 
Formate h4 1231 1636 
615 54 163-6 
Benzoate 25-5 32-2 33.9 0-0 83-5 
25-5 32-2 330 59:3 83-5 
180 21-9 224 25-7 _ 416 
Hydrogen 183 «6219 22-9 26-7 38 60416 
phthalate 389 51-8 879 «113-5 

rotatory power. 
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in this equation. Though similar considerations apply to the comparison of 2, (in ethanol) and 

the observed absorption bands of the hydrogen phthalate, the difference between its dispersion 
ratios in two solvents, and the high values of the dispersion ratio in chloroform, make it unlikely 
that a one-term equation would fit the dispersion in the ultra-violet spectrum : in a two-term 
equation, 1, is less likely, than it is in the carbinol, to be the C-OH chromophore at 1800— 
2000 4, and may be associated with the phenyl chromophores. In the acetate and formate, 
the dispersion ratios suggest that a two-term equation would be required for the full dispersion 
range. Comparison of ), and the wave-lengths of the absorption bands suggests that 4, could 
be associated with the phenyl absorption bands, 4, being again probably at about 1800 a. 
Although the 1 /«-2" plot for the benzoate is a straight line (Table IV), », (3025 a.) cannot bea 
lower limit for },, since this would place A, in the violet or near ultra-violet and it is 
most improbable that in such a case | /a-)* for the visible spectrum would be a straight line. 
It is more likely that the dispersion equation involves two terms of opposite sign : 

hy hy 

The dispersion ratio for the benzoate also suggests that a two-term equation would be necessary, 
and in this case 4, might well be associated with the phenyl chromophore. 

The suggestions put forward then are as follows : 

(i) In the carbinol, anisotropy in the phenyl group does not make an observable contribution 
to the rotatory power, its absorption spectrum is only slightly affected by the introduction of 
the ~CH(OH)-C,H,, substituent. 

(ii) In the acetate and formate, the effect of the phenyl group on the rotatory power becomes 
apparent : this group is rendered capable of anisotropic absorption by vicinal action between the 
pheny! and ester-carbonyl groups; the interaction is trivial (cf. Kuhn, Trans. Faraday Soc., 
1930, 26, 203), as shown by the small increases in extinction coefficients. 

(iti) The benzoate contains a second phenyl group which is attached to the polarisable ester- 
carbonyl group. The phenyl absorption bands are now shifted to longer wave-lengths and their 
absorption coefficients still further increased: the contribution from the benzoate radical 
predominates over the similar but less intense contribution from the phenyl group in the 
carbinol (cf. Braude, loc. cit, p. 126). A new Drude term is introduced by vicinal action in this 
second phenyl chromophore and is probably opposite in sign to the shorter-wave-length term, 
as is indicated by the necessity for assuming terms of opposite sign in the dispersion equation, 
and by the difference in sign of rotatory power between the benzoate on the one hand, and the 
carbinol and other esters of the same configuration on the other. 

(iv) In the hydrogen phthalate, the intense contribution of the phthalate chromophore 
dominates the absorption spectrum (cf. “A.P.1. Ultraviolet Absorption Spectrograms,” 
Serial Nos. 101—103, U.S. Bureau of Standards, 1945), and the presence of the second phenyl 
chromophore complicates the rotatory dispersion. 


(Sia 


EXPERIMENTAL. 


The preparation of the optically active carbinol and esters will be described by Balfe, Beaven, and 
Kenyon (see also Levene and Mikeska, loc. cst.) 

Absorption spectra were determined in spectroscopic-grade solvents, using (i) Hilger “ medium 
quartz spectrograph with “ Spekker “ or sector UV photometers and high-frequency tungsten spark 
under water or condensed spark between tungsten-stee! electrodes, (11) Beckman photo-electric quartz 
spectrophotometer and bot-<athode hydrogen arc source 

Rotatory powers were determined at room temperature in 2-<dm_ tubes 


Thanks are expressed to the Government Grants Committee of the Royal Society and Imperial 
Chemical Industries Limited for grants 


Barresse, Lowpos, § ‘Received, March 16th, 1950.) 
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377. The Dependence of Optical Rotatory Power on Chemical Con- 


stitution. Part XXXVIII. (—)-1-Chloro-3-phenoxypropan-2-ol and 
(—)-Glycide Phenyl Ether. 


By Micwart P. Batre, Micuaet K. Haroreaves, and Kenyon. 


The hydrogen phthalate of (—)-1-chloro-3-phenox -2-ol is an intermediate in the 
preparation of of | —faglycide phenyl ether. The (—)-alce was to check the optical 
purity of the ether. Rotatory powers of the {—)-alcohol and its hy a 

The rotatory dispersions of the homogeneous (—)-glycide pheny! ether, between 6708 and 
3180 a., and of solutions in a variety of solvents, in the visible trum, are recorded. Drude 
equations cannot be derived solely from the experimental results, but a number of two-term 
equations and one of three terms for the ether, and a three-term equation (but 


none with two terms) for the solution in ethyl ether can be calculated for assumed characteristic 
wave-lengths which are in part derived from the Sa trum 
et 


The rotatory powers and dispersion characteristics of the T are very sensitive to changes 
of temperature or of solvent: increase of temperature, and dissolution in ethereal solvents, 
result in the lowest rotatory power. The rotatory pm is most complex in ethereal 
sojutions. It is suggested that these observations can be ALD myn. by assuming molecular 
association in the homogeneous substance, which is lessened by increase of temperature or 
dissolution in ether. 


1-CHLORO-3-PHENOXYPROPAN-2-OL was prepared as described by Boyd and Marle (J., 1910, 
97, 1788) and converted into the hydrogen phthalate by the usual method. The (—)-ester was 
obtained by recrystallisation of its brucine salt. Hydrolysis of the (—)-ester with potassium 
Dy 

hydroxide yields (—)-glycide phenyl ether, Ph-O-CH,-CH-CH,, which on treatment with 
hydrochloric acid yields (—)-1-chloro-3-phenoxypropan-2-ol; the (—)-(hydrogen phthalate) 
prepared from this alcohol has the same rotatory power as that from which the ether 
was prepared, indicating that no racemisation occurs at any of the stages of preparation. 


Table I summarises the absorption spectrum of glycide phenyl ether, CH -CH-CH,-OPh, 
which is dominated by the absorption of the phenyl chromophore, and shows the usual effects 
of substitution on the absorption spectrum of benzene, viz., some loss of vibrational fine structure, 
displacement to longer wave-lengths, and an increase in intensity of the long-wave band. 


Taste I. 


The ultra-violet absorption spectrum of glycide phenyl ether. 
(1) Im mixed octanes. 
2705 2650 2105 
i740 1230 7480 


(2) Homogeneous. No selective absorption down to 2040 a. For a layer of 0-10 om. the al density 
rises smoothly from 0-05 at 3100 4. to 0-78 at 2040 a., corresponding to a molar extinction coefficient 
of about 0-5, 1.¢., of the same order as in octane solution at this wave-length 


Taste II. 
Specific rotatory powers of (—)-glycide phenyl ether, homogeneous. 
t, 185°; 1 O5: 
a 6708. 6435. 6107. 5893, 5780. 5461. S086. 4800. 4678. 4358. 


obs. ... 20-2" 22-9" ue 26-5" 28-2” 32-0" 37-2° 


4, 18°; 1, O25: 
a 4707. 4647. 4630. 4602. 4556. 4528. 4476. 4461. 4415. 4383. 4337. 4285. 4260. 4202. 
obs. 306° 40-4" 41-3° 42-2° 431° 440° 449° 45-8° 46-7° 47-6" 48-5" 49-4" 
t, 18-5°; 1, 0-05: 
3873. 3603. B4n5 3304. 3292. 3180. 
57-7" 73-7" us 89-7" 
713° -- 870° 


Table II gives the specific rotatory 
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straight line, except for the three points below 1 33004. One-term Drude equations can be 
calculated from a variety of pairs of points in the dispersion («-d) curve, but the resulting ),'s 
vary somewhat widely, and if points lying within less than 300 a. of each other on the wave- 
length scale are used for the calculation, the ), values pass through a minimum as the wave- 
lengths of the points used pass along the wave-length scale, suggesting that there is an inflection 
in the ad plot. It therefore appears that a two-term equation would be required to fit the 
observed results satisfactorily. We have not been able to calculate a two-term equation from 
any four points read from a smooth curve drawn through «>. We have, however, been able 
to derive several equations which fit tolerably well the observed results, by assuming values of 
a, and d, and calculating 4, and A, from two of the observed points. Calculated values of (a), 
from one such equation, 
S415 


are given in Table II. All the equations so derived are consistent with the idea that one of the 
absorption bands of the phenyl chromophore, and one in the experimentally inaccessible region 
below 1900 4., are optically active. A three-term equation 


~1 394784 8772339 
sh ~ * ~ 


has also been fitted to the results. This was derived by starting with the 2770 and 2650 a. 
maxima in the absorption spectrum as characteristic frequencies for the first two terms, and 
1300 4. for the third term. The first two frequencies were then increased, in accordance with 
the frequently observed relation 4, — Aus, ~100 4. (Lowry, “ Optical Rotatory Power,"’ London, 
1935, pp. 145, 146) until an equation to fit the observed results was obtained : 2, and A, in the 
equation given above correspond to characteristic frequencies of 2830 and 27004. This 
procedure has a practical justification in that the calculation of the three-term equation involves 
the use of an additional experimental observation, and so results in a somewhat better fit to the 
observations. There cannot be any physical significance in the separation, in the dispersion 
equation, of two terms with characteristic frequencies which are fine-structure (vibrational) 
maxima in the absorption band of a single electronic excitation process: the first two terms of 
this equation must be regarded as arising from difficulties in computation and as together covering 
the contribution to the rotatory power from anisotropy in the phenyl chromophore. 

Table III gives the rotatory dispersion of (—)-glycide phenyl ether in ethyl ether solution. 
We have not been able by any method to derive a one- or two-term equation to fit these results. 
A three-term equation 

40-122936 5)-901337 14482839 


can be derived by assuming the same three wave-lengths as above, and this fits a smooth curve 
of -) within the scatter of the observed points. 


Taste LIL. 
Specific rotatory powers of (—)-glycide phenyl ester in diethyl ether solution. 
106°. «, 10-32, 1 1-0 above, and 0-5 below A 4000, 
6438 S780 546) 4500 4358. 3998. 
3937 3907. 3813 3756. 3545. 
160” 174 18-05 23-3" 30-6 30" 


Table IV gives the rotatory powers of (—)-glycide phenyl ether in a variety of solvents, in 
the visible spectrum. The variations are greater than can be accounted for by variations in the 
refractive indices of the solutions since the rotivities (Q = 3.4) (w* + 2); Beckman and Cohen, 
J. Chem. Physics, 1936, 4, 784; 1938, 6, 163) vary over almost as wide a range as the specific 
rotatory powers 

Table V gives the rotatory power of homogeneous (— )-glycide phenyl ether, at temperatures 
from 25° to 174°. The effect of increase in temperature on the rotatory power is exceptionally 
great. In di-»#-butyl ether solution (Table IV) the temperature effect is even greater, and the 
characteristics of anomalous rotatory dispersion, +.¢., inflection, maximum, and change of sign 
of rotation, are evident, moving towards longer wave-lengths as the temperature is increased ; 
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the first two are apparent in the red and the blue region of the spectrum at 41°, at 80° they have 
disappeared and the third is evident in the green. 


Taste IV, 
Specific rotatory powers of (—)-glycide phenyl ether in various solvents. 


47-1" 170 
436 


424 
35-4 


30-1 


eon 


Taste V. 


The effect of temperature on the specific rotatory power of homogeneous (—)-glycide 
phenyl ether (i, 0°5). 
Specific rotatory powers at A (a.). 
4800. 
35-3" 


rotatory dispersion (Pickard and Kenyon, J., 1911, 99, 
45; 1912, 101, 620; 1913, 103, 1923), and in camphor (Gore and Lowry, Proc. Roy. Soc., A, 1932, 
135, 22), an increase in temperature of 100° decreases the rotatory power by some 20%, and in 
(—)-menthol, the effect is even less (Pickard and Kenyon, J., 1915, 107, 35). In substances 
which do not undergo a change in molecular configuration with increase of temperature, 
a decrease in rotatory power of this magnitude is to be expected, on account of the decrease in 
refractive index, which appears in the numerator of the quantum-mechanical expression for 
rotatory power (Born and Jordan, “ Elementare Quant hanik,” 1930, p. 250) and on 
account of increased freedom of rotation about single bonds (Kauzmann, Walter, and Eyring, 
Chem. Reviews, 1940, 26, 377). In compounds with rigid ring structures, the latter effect will not 


species occurs on increase of temperature. Such a change is also the most likely cause of the 
wide variation in rotatory powers in different solvents. This variation does not appear to be 


Wave-length, a. 
Solvent. i ¢ Temp. 6708. 6438. 6104. 5893. 5780. 5461. 5086 
Carbon di- 065 150 177 — 188° — 227° 27-7" 323 
dulphide 
Pyridine 10 652 16 179° 192 217° 226 246° 273 31-7 
Benzene 10 103 21 166 183 23 219 230 257 Wi 43 || 165 155 
Methy! 05 00 17 — — 216 43 22 W2 149 
10 92 2 127 44 158 17-7 «186 26 233 256 148 135 
Acetone — 23 — 642 179 197 #236 250 278 1-41 125 
17 — wl — — 205 240 271 204 38 1456 
10 81 18 3 1156 191 164 19) 240 152 1080 
»-Propyl 10 129 «#19 96 Wl 120 131 M3 154 164 198 137) O1 
chloride 
Diethy! O5 184 #17 — 119 WE — 192 133 
10 130 2 $3 87 O68 105 122 127 64 
10 130 #17 95 1056 116 #124 136 130 70 
Di-n-propyl 10 96 19 _ — 96 101 114 #119 128 14469 130 — 
Diisopropy! 10 100 21 83 84 OL 100 6 110 12 — 
1:4Dioxan 10 20 $2 90 100 1086 118 #134 135 G1 
” 05 320 I7 — 64 — 20 162 — 
Dis-amyl 10 #112 21 8&1 8&5 95 100 — 
ether 
10 O84 22 68 — 609 76 7 — — 
Qp homogeneous = 16-9. Dispersion ratio, homogeneous = 1-62. % 
25-5 1-106 
42-8 16-7 20-8 235 270 37-2 1-58 1-093 
61-0 le 17-8 19-8 22-8 260 313 1-58 1079 
80-0 118 150 16-7 19-6 21-8 260 1-55 1.064 
OR) 10-4 12-7 143 16-4 184 2148 1-53 1051 
41 79 a3 119 142 1018 
174 53 55 65 0-993 
power of (—)-glycide phenyl ether may therefore be an indication that a change in the molecular 
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an effect of the electrostatic field of the solvent in the optically active molecule, since it 
apparently is not related to the dielectric constant of the solvent. It is not likely to be caused 
by combination of the solvent with the solute (which could alter the rotatory power by forming 
& new species of optically active substance, i.¢., imparting anisotropy to a previously optically 
inactive absorption band) because such combination would be lessened by increase in temper- 
ature, and so the dispersion should become more like that of the homogeneous substance on 
raising the temperature of the solution, whereas the dispersion in »-butyl ether solution at various 
temperatures (Table VI) indicates that the contrary is the case. It is also not caused by a large 
shift in the position of the long-wave band of the optically active ether in solution; solvents 
modify the fine structure of absorption bands, but do not cause a shift such as would account 
for their effects on the rotatory dispersion of glycide phenyl ether. 


Taste VI. 


The effect of temperature on the specific rotatory power of (—)-glycide phenyl ether in n-butyl ether 
solution (c, O94; 1, 1-0). 


eee: 


1-106 
—53 0953 


+03 


Taste VII. 


Specific rotatory powers of phenyl (—)-sec.-butyl ether in the homogeneous state and in solution 
tm various solvents. 

Solvent 6438. 5893. 5780. 5461. 5086. 4800. 4678 
None (homogeneous) 0-25 - 203" 360° 42-1° 510° 504° 62-3 
liethyl ether . 283 362 412 M1 S72 G10 
(+)-Propylene oxide 10 4 282 355 S84 434 WT 


Aliphatic ethers of octan-2-ol (Kenyon and McNicol, /., 1923, 123, 14) and of benzylmethy!l- 
carbinol (Phillips, /., 1923, 123, 22) have simple rotatory dispersions in the visible spectrum, and 
their rotatory powers are much less sensitive than those of glycide phenyl ether to change in 
temperature or solvent, being reduced by not more than 50% by a 100° increase of temperature. 
The rotatory powers of the #-alkyi ethers of nonan-3-ol (which exhibits complex rotatory 
dispersion in the visible spectrum, Kenyon and Barnes, J., 1924, 125, 1395), undergo a similar 
reduction on increase of temperature. It therefore appears that the extreme sensitivity to 
temperature changes which is shown in the rotatory power of glycide phenyl ether is not a 
general characteristic of optically active ethers; and sensitivity to solvent changes is not a 
characteristic of phenyl ethers in particular, since the results in Table VII indicate that the 
rotatory power of phenyl sec.-butyl ether is comparatively insensitive to changes in solvent. It 
therefore appears that these sensitivities in glycide phenyl ether are connected with the presence 
of the ethylene oxide groups. They may be due to some form of molecular association at 
ordinary temperature in the homogeneous substance, which is lessened by increase of temperature 
or by dissolution in ethereal solvents. At ordinary temperatures the rotatory power of the 
homogeneous ether is controlled by optically active absorption bands at about 2700-—2800 and 
1300 a., the 1300.4. band being dominant in the visible region. At elevated temperatures or in 
ethereal solutions, the association is lessened, resulting in a relative increase in the contribution 
of the phenyl chromophore (1.¢., the term at about 27002800 a.) to the rotatory power, so that 
the dispersion becomes more complex. This increase is indicated by comparison of the two 
three-term equations given above © dissolution in ethyl ether increases 4, and &, (associated with 
the pheny! chromophore) more than A, (associated with the high-frequency chromophore). The 
dispersion of the homogeneous ether becomes more complex at elevated temperatures, as shown 
by the decrease in dispersion ratios to 1°24 at 174° (Table V), and the combined effect of 
dissolution in an ethereal solvent and increase in temperature is even more pronounced (Table VI). 
These suggestions imply that the association involves the ethylene oxide ring, and that the oxygen 
atom of ethereal solvents can displace the association 

The rotatory power of phenylbenzylcarbinol (Gerrard and Kenyon, J., 1928, 2564) is as 


Temp 6435 
22° 53 60 

sl 24 +19 
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sensitive as that of glycide phenyl ether to increase of temperature or to solvent effects, which 
suggests that a similar discussion, involving association through the hydroxy! group, may be 
applicable to the structure of the carbinol. 


EXPERIMENTAL. 
1-Chloro-3-phenoxypropan-2-ol.— From pet wy epichlorohydrin (370 g.), sodium hydroxide 
(2 g.), and water (20 c.c.), 364 g. of the redistilled akecnel’ 134——136° /6 mm., were obtained, together 
with a few g > P 90° (Boyd and Marie, J., 1909, 1807, give m. p. 
(Found : C, 73-4; H, 64. ,H,,O,: C, 73-7; H, 66%). 
1-Chioro-3- henoxypropan- added to a warm solution of phthalic anhydride (222 g. 
im pyridine (132 g.). After 10 days My room temperature the mixture was dissolved in acetone a 
ed into cold dilute hydrochloric acid. The precipitated inactive Aydrogen pathalate was filtered off, 
SSeolved in ether, extracted with sodium hydrogen carbonate solution, precipitated with bh hioric 
acid, dissolved in ether, dried (CaCl,), and ed (436 g.) from the concentrated solution by addition 
of light petroleum. On recrystallisation ether—light petroleum the ester was obtained as colourless 
plates, m. p. 97-—08° (Found, by titration with 0-In~ hydroxide uiv., 335. C,,H,,O,C) 
requires equiv., 334-5). If the reaction mixture is dissolved in toluene, instead of in acetone as t' 
ester crystallises with m. p. 97° when the solution is poured into hydrochioric acid 
Dry brucine (788 g.) was dissolved in a solution of the hydrogen Gy 
acetate. The brucine salt (m. p. 108—110°) which crystallised during 2 weeks was recrystallised 4 times 
from ethy! acetate and then 5 times from acetone (erestne hydveg ogen phthalate was filtered off from each 
solution) ; the final (tenth) crop weighed 44g. The ninth and the teuth crops yielded hydrogen phthalate 
with the same rotatory power ((a)) —12-2° in ethyl ether), suggesting that the resolution was complete. 
ice-cold hydrochloric acid was red into a mixture of the brucine salt of the above (—)-(hydrogen 
phthalate) and acetone. The (—)-ester separated and was extracted with ether; the solution was 
washed with he hydrochloric acid, and extracted with sodium eydeeeh carbonate solution, from 
which the (--)-( — was pry by addition of hydrochloric acid. The ester was 
extracted with od hen ned with water and dried (Na,SO,). On removal of the ether under reduced 
— the (—)-ester remained as an uncrystallisable viscous liquid. Rotatory powers are in the 
able. From a concentrated solution, in ether, of the hydrogen phthalate obtained from brucine salt 
which had been only twice recrystallised, ester of low sotatory power (lai ~-6-0° in ether) crystallised, 
leaving in solution, ester with {a)ff —10-5° (i.¢., 85% of the maximum rotatory power). 


Specific rotatory powers of (—)-1-chloro-3-phenoxy-2-propyl hydrogen phthalate (| = 2). 
AA. 


a 
Temp. 6438. 5893. 5780. S461. 4800. 4358. 
10.0" 15-2" —17-7" — 
1-7 
41 
048 


(—)+Glyeide Ether —The Levorotatory rogen phthalate was hydrolysed to glycide phenyl 
ether by steam-distillation of 5-g. portions from 12-5s-potassium hydroxide (5 c.c.); with weaker alkali 
the bydrolysis was incomplete, and with larger proportions of 12-6n-alkali larger proportions of 
undistillable by-products were obtained. The distillate was extracted with ether; the extract was 
dried and, after removal of the ether, (—)-glycide _ 1 ether was distilled; it had b p._133°/23 mm., 

the 


15810, 1-106, 1-049 (2-0 ¢ from 10 0 ydrogen phthalate) (Found C, 71-95: H, 
Cale. for C,H,,0, 


C, 720; H, 67%). ven in the following )-GI 
pheny! ether has been described by Boyd and and 98. 838) and Rider and Mull’ 
hem. Soc., 1930, 1521). 

—)-1-CAloro- opan-2-ol. —(—)-Glycide yl ether (6-5 g.) was shaken for 30 minutes 
with concentrated acid (6 c.c.) in cold c.). An extract from the mixture 
was washed 3 times with apne sodium hydroxide (0-1 mol.), then with water, dried (Na,SO,), and 
concentrated. (—)-1-Chloro-3-pheno opan-2-ol (7 g. from 15 g. of the ether) was obtained on 
distillation of the residue, wit 43-—5°/20 mm., 1-5378. yl ether, 
— 24-4", gives (—)-1-chioro-3- ~ —2-1°, aud the by the met 
above, (—)-(hydrogen phthalate) with the same rotatory power as nthalate from which 

ether was 

Phenyl (+)-sec.-butyl ether was prepared from (+)-sec.-buty! alcohol with (ajilg +10-0°. The 
concentrated sulphuric acid to remove butenes and with sodium hydrogen carbonate solution, and 
dissolved in ether. The solution was dried (Na,SO,) and concentrated. The residue of sec-butyl 
bromide (3 .) distilled at 80-86". It was heated for with treahly prepared sodium phenome 

hours; the mixture was then extracted with ether, the extract was washed with 3n-sodium 

hydroxide, dried (CaCl,), and concentrated. Phenyl sec.-butyl ether (0-65 g.) distilled from the residue, 
75—76°/10 mm., 1-4978, dj* 0-9350, +28-34°. Spreng and Wallis (J. Amer. Chem 
56, 1715) give p. 84—85°/14 mm., 4026, + *, Since the sec.-butyl alcohol 


not optically the rotatory powers of the in Table VII have been multiplied 
13-87/10-9. to bring them to Gor optically pore sicohel 


1 
Solvent. ¢. 
Ethyl ether......... 96 
Carbon disulphide 11-7 
Acetone ............ 11-8 
Chloroform .......... 13-2 
Pyridine ............ 
Benzene ............ 116 17 -- . on 


1866 Anderson, Balfe, and Kenyon: Dependence of Optical Rotatory 
powers of optically pure ether, as there was probably 


ulated trom Q = 3(a)/(m* + 2), by using the weighted means of refractive 
indices of solvents and solute. 


The absorption spectrum was determined by Dr. G. H. Beaven using a Beckman photo-electric 
quartz spectrophotometer and hot-cathode hyd discharge. Thanks are expressed to the Govern- 
ment Grants Committee of the yee A to Imperial Chemica! Industries Limited for grants, 
and to Professor R.G. W. Norrish, F. RLS. kindly pot at our disposal the ultra-violet polarimeter. 


Lowpos, S.W.11. (Recetord, March 16th, 1950.) 


378. The Dependence of Optical Rotatory Power on Chemical 
Constitution. Part XXXIX. (—)-2-Thienylmethylcarbinol. 


By law G. Anpersow, Micuart P. Batre, and Josern Kenyon. 


Though the linear 1/«-A* plots of the carbinol and in solution) and of its 
hydrogen phthalate (in solution} are consistent with si rotatory dispersion in the visible 
spectrum, the values for A, of a one-term Drude equation (obtained by extrapolation of | /e-A*) 
are not related to the A,,, of the observed absorption bands. It is therefore suggested that the 
dispersion is in fact complex, which ts — by the high values of the dispersion ratios. 

The values for A, of the carbinol in different solvents vary over a rather wide range. Its 
rotatory powers in different solvents, bat not over an exceptionally wide range, and the 
rotatory powers of homogeneous carbinol are relatively insensitive to temperature. 


Tue ultra-violet absorption spectrum of 2-thienylmethylcarbinol [1-(2-thienyl)ethanol) between 
2000 and 2200 4. has a maximum at 2335 (¢,.,,, 7840) and an inflexion at 2750 a. (eucm 14). 
The main band presumably corresponds to the 2350-a. band of thiophen with ¢,,, 4500 in 
hexane (Braude, Ann. Reports, 1945, 42, 128): substitution in the ring nearly doubles the 
extinction coefficient without displacing 2,,,. The low-intensity inflection at 2750 a. may be 
compared (a) with the extremely weak band at ca. 2700 a. (e,.. a. 0°16) in thiophen itself, 
which was recorded by Menczel * (Z. physital. Chem., 1927, 126, 161) though not by later 
workers (cf. Sease and Zechmeister, /. Amer. Chem. Soc., 1947, 69, 270; Appleby, Sartor, Lee, 


and Kapranos, ibid, 1948, 70, 1553; A.P.1. Research Project 44, Ultra-violet Absorption 
Spectrograms, nos. 38, 136), and with (5) similar features in pyrrole and furan (cf. Menczel, 
loc. cit.). All of these may be caused by cyclic conjugation related to the partly aromatic 
character of the five-membered heterocyclic rings. In 2-thienylmethylcarbinol the nuclear 
substituent causes a marked increase in intensity of the long-wave band, as is frequently 
observed with low-intensity “ forbidden " transitions. 


I. 
Specific rotatory powers of (—)-2-thienyimethylcarbinol. 
AA 


Concn., 
6435. 5803. S780. S461. 


Ethyl ether, 23... Sot 
Carbon disulphide, 0 506 
Ethyl alcohol, 1-74... So 
Bentene B16 


21-6" at 6104, — 17-4 at 6708 


Table I gives the rotatory powers of the carbinol in the visible spectrum. The plots of 
1/a-* for the carbinol, homogeneous at 20°, or in solution (except in carbon disulphide), are 
linear. However, the dispersion ratios of the homogeneous carbinol (Table II) are not con- 
sistent with simple rotatory dispersion, and the dispersion ratios in different solvents vary 
considerably, Two-term equations, in which ), and d, are respectively greater and less than d,, 
are therefore probably required for an exact expression of the dispersions. The A,'s may be 
related to one of the observed absorption bands. 


* We are indebted to a Keferee for drawing our attention to Menczel's results. 


| 
Selvent and 4800, 4358. Opt 
None 20 19-0” —23-7° —243° —280° —33-0" —37-9° — 400° 16-26 
None 435 19-2 25.0 28-5 33-5 
None 18-8 234 26-5 320 463 
230 26-2 310 — 
16 200 320 329 63-3 24-96 
16 284 35-2 367 760 22-65 
20 17-7 18-7 248 28-3 352 13-68 
22-9 27.3 317 36-6 46-1 1617 
Rotivity. 


[1950) Power on Chemical Constitution. Part XXXIX. 1867 


Taste Il. 


Dispersion ratios and extrapolated values for and sts 
hydrogen phthalate 


Carbinol. 


Ethyl Carbon 4i- Ethyl Carbon 
Solvent : ¢ther. sulphide. alcohol. Benzene. Benzene. disulphide. 
t: 2”) 67435" 1s. 20". 
Dispersion ratio 1-74 1-75 173 168 160 182 165 8 160 Ms Ms 


an extrapol- 2170 2030 #1760 #1950 862313 1600 2390 2700 
ated /a-A, 
Tasie III. 

Specific rotatory powers of (—)-2-thienylmethylcarbinol hydrogen phthalate (|, 2; t, 18°). 
a, A. 

isulphide ......... . 135 178 
hexylicarbinol in different solvents : Part XX XVII) suggests that there are in 
solvent and carbinol. These may be of dipolar origin, as discussed by Rule (see, ¢¢., 1 ten. 1931, 
674), though neither ), values, rotatory powers, nor rotivities lie in the order of the dipole 
moments of the solvents and the spread of the rotivities is as great as that of the rotatory powers. 
The rotatory power of 2-thienylmethylcarbinol is much less sensitive than those of glycide pheny! 
ether (Part XXXVIII) or of 2-(2-hydroxy-n-propyl)pyridine (Part XL) to change of solvent, 
and is not extremely sensitive to temperature changes. It is therefore unnecessary to postulate 
for 2-thienylmethyicarbinol any form of molecular association such as is suggested for glycide 
pheny! ether and 2-(2-hydroxy-»-propy!)pyridine. 

The rotatory dispersions of 2-thienylmethylcarbiny! hydrogen phthalate in benzene and in 
carbon disulphide (Table III) both give linear plots of 1/a-)* and dispersion ratios 1-8, the 
latter indicating that absorption in the near ultra-violet is affecting the rotatory powers. The 
extrapolated values for ), are in both cases above 2300 a. It is therefore not unlikely that the 
rotatory dispersion of the phthalate in the visible spectrum is dominated by a Drude term 
derived from the 2750 a. band of the carbinol, or from the much stronger chromophore in the 
phthalate radical, at about the same wave-length (Goslawski and Marchlewski, Bull. Acad. 
Polon. Sci., A, 1934, 42). Levene and Rothen (in Gilman's “ Organic Chemistry,”’ Ist edn., 
New York, 1938) have shown that anisotropy in a phenyl chromophore may sometimes make an 
important contribution to rotatory power. 


EXPERIMENTAL. 


(+)-2- was obtained by the Grignard reaction from 
Org. Synth., 1982, 12, 44) and acetaldehyde in 36% yield calc. on the i nd ti 
were obtained by reduction of 2-thienyl methy! ketone, which was obtained in 75-80% yield (c 


on 
nson and May (sbid., 1938, 18, 1) and Hartough and Kosak 
J. 1946, 68, 2639) molar proportions stated in the xperimenta! section of the 

ter paper were used. The ketone yielded a 190°; Steinkopf 

an 1917; 418, 339) record m. p. 190-191". reduction of the ketone (Kuhn 
and Dahn, iid., 1941, 647, 203; Nazzaro and Balloch J te J. Amer. Chem. Soc., 1946, 68, 2121) gave the 
carbinol in 70% yield from 20 g. of ketone, the duration of reduction being | hour : lower yields were 
obtained if © quantities or longer periods of reduction were employed, di-(1-2’-thienylethy!) ether 
being formed (b. p. 14 mm., 1-5615; cf. Kuhn and Dahn, jvc. cit.). Though Kuhn and 


Dahn (loc. cit.) report the ration of t ylurethane from the carbinol, Campaigne and Dietrich 
(J. Amer. Chem 194 fey keg es to isolate this derivative, and we also have not been able 
to it. We have obtained the i-derivative, m. p. 158— 160°, reported by Kuhn and 
n (loc. cit.) to have m. p. 157°. 
Hydrogen ee eee imethylcarbinol.A_ mixture of the carbinol (53-6 g.), phthalic 


anhydride (69 g.), and pyridine (50 c.c.) after 5 hours at 70° and 18 hours at 20° was diluted with acetone 
(250 ¢.¢.) and poured into hydrochloric acid (1 1. of ».) at 0”. The washed precipitate was dissolved in 
sodium Peas Fepre carbonate solution and, after extraction of the solution with yl ether, the hydrogen 


- pe th h id and from carbon disu 42 


1868 Anderson, Balfe, and Kenyon: Dependence of Optical Rotatory 


(68 m. p. 156", (allies 20-6, (aie, im chloroform (c, 2-45; |, 2-0), of the 
(—}phthalate. The , Covered with twice its of acetone, was mixed wrth ice-cold h hioric 
acid. The precipitated phthalate), recrystallised from carbon diwiphide, m. p. 
ywers are in 

of the (—)-(hydrogen phthalate) (08 g.) in ethy! alcohol heated for 10 
minutes on the steam-bath, cooled, ph Ether (000 c.c.) was added and the 
mixture washed with brine until neutral. The ethereal solution was dried (Na,S 
at 25°. Prom the residue, (-—)-2-thienyimethylearbinol (3-1 g.), b. p. 88—89° 11 
Rotatory powers are in Table I yoked phate) wt 
in 1-655), 97% of the rotatory power of the 


RRotivities © wore calculated from + 2), by using the weight ed means of refractive 
indices of solvents and solute. 


The absorption spectrum was determined by Dr. G. H. Beaven, using a Beckman photo-electric 
oom 2 spectrophotometer Thanks are expressed to the Government Grants Committee of the Royal 
te 


ty and to Imperial Chemica! Industries Limited for 
and Industrial Research for a maintenance grant (to 1G. A 


Barressna Powvtecunic, Lowoon, 5.W.11. (Recewed, March 16th, 1950.) 


379. The Dependence of Optical Rotatory Power on Chemical 
Constitution. Part XL. 
By lan G. Anpexson, Micnagt P. Barre, and Josern Kenyon. 


The rotatory of the carbinol named in the title are not especially sensitive to temper- 
ature changes. vary very widely in different solvents, and are not related to the dipole 
moment of refractive index of the solvent. In non-hydroxylic solvents, the dispersions are 
anomalous. In hydroxylic solvents and in the homogeneous carbinol, they are wae poe oe | 
simple. It is cagpested that intermolecular association occurs in the homogeneous carbinc 
that self-association of the carbinol is lessened in hydroxylic solvents, and that intramolecular 
association occurs tn non-hydroxylic solvents, also that intramolecular association increases the 


contribution of the pyridine chromophore to the rotatory power, this —— of the longer 
wave-length term in the dispersion equation making the rion 


Taste I summarises the absorption spectrum of 2-(2-hydroxy-n-propyl)pyridine (in ethyl- 
alcoholic solution) between 3000 and 22004. It shows a region of absorption, with 2,,,, at 
2620 a. accompanied by some fine structure; ¢ falls to a minimum at 2260 a. (¢,.,. = 640) and 
then rises as } decreases below 2250 a, indicating the presence of a stronger band with d,.,,, 
below 22004. These two bands are related to the bands at 2500 and 1050 a. in the spectrum 
of pyridine (Braude, Ann. Reports, 1945, 42, 128), shifted to longer wave-lengths by nuclear 
substitution. 

Table II gives the rotatory powers of the (+)-carbinol. The rotatory power of the homo- 
geneous carbinol is not especially sensitive to temperature changes. The rotatory powers at 
20° give a linear | /«-* plot, and the extrapolated 4, is 2500, which is not far removed from the 
long-wave absorption band and suggests that the pyridine chromophore may be optically active. 

The rotatory powers in solution do not show any simple relation to the dipole moments of the 
solvents; they vary over a wider range than can be explained by variations in refractive index, 
as is shown by the values for rotivity (Q in Table I1). In each of the solvents chloroform, 
carbon tetrachloride, ethyl acetate, ethyl ether, acetone, dioxan, and benzene (2°, solution), one 
or more of the characteristics of anomalous dispersion (inflexion, maximum, or reversal of sign 
in the a plot) are apparent. In these cases a Drude equation with two terms of opposite 
sign would be required to fit the dispersion; in transparent regions, the term of shorter wave- 
length in such an equation dominates the rotatory power and must therefore be (+) in the 
present example. In nitromethane, curvature of the | a-d? plot indicates complex dispersion. 
In carbon disulphide, water, ethyl alcohol, and acetic acid, | /a—)" plots are linear; in the first, 
, = 0, showing that a one-term equation is not valid. In the three hydroxylic solvents, the 
dispersion ratios are fairly constant and their high values may be ascribed to rotatory contri- 
butions arising from bands in the far ultra-violet, since the values of ), are not sufficiently near 
the observed absorption band at 26204. Though the rotatory dispermon therefore cannot be 
simple, it does not show the marked anomalies observed in the non-hvdroxylic solvents and, 
since the signs of rotatory power are the same in both kinds of solvents, the contribution of the 
term of longer wave-length must be lessened in the hydroxylic solvents. 


(1950) Power on Chemical Constitution. Part XL. 1869 


Taste I. 


Ethyl! acet- ¢, 2103 


Acetone 2011 
2-122 


Water, 1-9 2-236 
Ethyl aleo- ¢, 2074 
hol, 1-74 
Acetic acid, ¢, 2-139 
104 
Nitrometh- 2-169 
ane, 3:13 
Dioxan, 0 2-167 230 23- 7 23 32- 20-64 
_ 21-2 420 


Interpolated. 


The effects of solvents on the rotatory power may be explained by the following assumptions - 

(i) In the homogeneous carbinol, the association is intermolecular and the dispersion term 

associated with the 2620-a. band is significant. 

(ii) When the carbinol is diluted with non-hydroxylic solvents, its molecules, being more 
separated from one another, associate intramolecularly, The contribution to the rotatory 
power from the pyridine chromophore, which is the longer wave-length term in the rotatory 
power expression, is thereby stimulated, and the rotatory dispersion becomes complex. Such an 
association (hydrogen bonding) between the hydroxyl group and the nitrogen atom, is stereo- 
chemically possible and would introduce the possibility of molecular dissymmetry as well as 
affecting the pyridine chromophore. The two observations on benzene solutions show that at 
high concentration (c, 20) the dispersion is less complex (1 /a—* is linear though the dispersion 
ratio is 1°48, and ), is imaginary), than in more dilute solution (c, 20), where the dispersion 
becomes anomalous: continued reduction of the molecular association by dilution would 
explain this 

(iii) In hydroxylic solvents, intra- and inter-molecular associations are prevented by associ- 
ation with the solvent : the rotatory power is dominated by a short-wave length (far ultra-violet) 
term and is comparatively simple. 

Esterification of the alcohol would prevent such forms of association. Results with the 
(+)-acetate (Table ITI) are consistent with this suggestion. It is pseudo-simple, whether the 
acetate is homogeneous or in solution in two non-hydroxylic solvents. In all three cases 


* Inflexion. 
Taste II. 
Specific rotatory powers of (+ )-2-(2-hydroxy-n-propyl) pyridine. 
AA. 
and t. 6708 6438 6104. 5803. S780. 5461. 5086. 4800. 4358. 025803. 
None — 63" — SS 68-6" 823° 95-4" 124° 1-81 2500 38-7 
4.105 23 — 49 — — 68723 69 774 — 8 — 
4106 5 — — — 661 519 617 — 
62103 18 — 88 — 02 — — 67 057 — 708 
Benzene,O ¢, 1-887 21-5 220° 220 23-6°26-1 273 207 31-1 316 316 106 — i842 
«20-06 18) 262 294 31-7 354 304 4651 
Carbon tetra- 2-135 195 136 141 155 166 169 176 171 160 @8 656 — 1203 
chioride, 0 
Chioroform, ¢, 2-392 21 — 19 — 68° — 46-— — 6236 
1-18 
— — Wd — $3 075 — 
21 102 — 315 137 WT — inf 6-07 


1870 = Dependence of Optical Rotatory Power, etc. Part XL. 


1 /e-* plots are linear, extrapolated values of }, are about 2250 a., and dispersion ratios are 
1-75. The p-diphenylylureth is probably toc complex a molecule to give a satisfactory test 
of the suggestion (it contains an additional ultra-violet chromophore), but in two non-hydroxylic 
and one hydroxylic solvent it gives linear 1/a-2* plots and dispersion ratios of about 1°6, 
though the ),'s vary very widely 


Tame LL. 


Specific rotatory powers of esters of (+ )-2-(2-hydroxy-n-propyl) pyridine. 
AA. 


Di 


164 


Carbon tetrae c, 1-337 
chloride 


The hydrogen phthalate cannot be used to test the suggestion because it is soluble only in 
aqueous solutions (it probably exists in the zwitterion form); its dispersior ratios are high, 
probably on account of increased absorption in the ultra-violet, and it gives linear 1 /a—)* plots. 
The rotatory powers (a),ss, of the hydrogen phthalate are 88°, 92°, and 96° respectively in 
water (in which it probably contains positively and negatively charged groups), in hydrochloric 
acid (in which it contains a positively charged group only), and in sodium hydroxide (in which it 
contains a negatively charged group only); this comparative insensitivity to the polarity of the 
substituents is somewhat unusual. 

The rotatory power of tetrahydrofurfury! alcohol resembles that of 2-(2-hydroxy-n-propyl) - 
pyridine in that it is very sensitive to change in solvent, but not especially so to change of 
temperature. In Part XXXV (/., 1041, 312) it was argued that the comparative insensitivity 
to temperature shows that labile structures do not occur in the alcohol. However, since the 
rotatory powers of tetrahydrofurfuryl alcohol in solution are not related to the dipole moments 
of the solvents, and the rotivities (calculated from data given in Part XX.XV) vary as widely as 
tle rotatory powers, the arguments now developed suggest that alterations in the molecular 
species do occur on change of solvent, as was suggested by Irwin, Thesis, London, 1947). 
Intramolecular association (hydrogen bonding) between the two oxygen atoms is stereo- 
chemically possible in tetrahydrofurfury! alcohol. 


EXPERIMENTAL. 


(+)}-2-(2-/1 ydresy-n-propyl)pyridine. This was prepared as described by Walter, Hunt, and 
Fosbinder (J. Amer. Chem. Soc., 1041, 68, 2771; Org. Synth., 1943, 23, 83) from the lithium derivative 
of a-picoline and acetaldehyde, the purified carbinol was obtained in 45% yield. It did not yield 
crystalline salts with optically active acids 

(+)-tydrogen Phthalate —From a solution of the carbinol (51 g.) and phthalic anhydride (55 g.) in 
acetone (140 ¢.c.), warmed under reflux for 30 minutes, the hydrogen ph te (91 g.; m. p. 138—141" 
separated during 18 hours. It is insoluble in carbon disulphide, cycichexane, benzene, acetone, and ethy 
acetate, sparingly soluble in chloroform or cold water, dissolves readily in hot water (from which it does 
not separate on cooling), ethy! alcohol, aqueous acids, or alkalis. These sobsbilities suggest that it 
exists as the rwitterion, and is only slowly soluble in cold water because it is not easily wetted 

pyridine. — Brucine (197 g.) and the (+)- teat) some 
dissolved in hot acetone (1250¢.c.), the crystalline brucine salt (m. p. | during 
18 hours at room temperature was rec ~ 2 age ree from ethy! acetate (3950 c.c.), yielding ¥¢ g. of brucine 
salt, m. p. 154-156", with [)]? 2° in chloroform (c, 2-147), which was not altered by further recrystal- 
imation. A mixture of the salt (10 a) ) and bn-sodium hydromide (10 c.c.) was heated on the steam-bath 
for 30 minutes, cooled, and extracted with ether. The etherea) solution was dried (K,CO,) and concen- 
trated, and the residue distilled, yielding the (+)-carbinol (1-5 g.), b. 1)1°/10 mm., 1-5142. 
Rotatory powers are in Table 11. The usual procedure for conversion of alkaloid! salt to carbinol ma 
the hydrogen phthalate is not applicable in this case, because the phthalate is soluble in aqueous solutions 


Solvent 5780. 5461. 5086. 4800. 4358. ratio. 

Hydrogen phthalate 

HC) 195° 585° 790° 922° 1-93 2730 

Water «0045 768 885 1-89 2600 

Acetate 
Benzene «2161 12.5 165 183 2146 322 1-76 2280 

Carbon tetrae «1002 23 93 113) «6133 233 1-75 2300 
chloride 

Diphenylylurethane. 

Henzene «2015 #1127 — 13-7 159 220 1-60 0 


[1950] Dependence of Optical Rotatory Power, etc. Part XLI. 1871 


and not in organic solvents. The filtrate from the first crystallisation a Levocarbinol, («)/f —42.0° 
in carbon disulphide (c, 2-2), this was converted into the h trom which a crystalline 
-alkaloidal salt could not be obtained. Rotivities, Q in Table I calculated a0 by 
he weighted means of refractive indices of solvents and solute 

The phthalate) wae prepared from the -<arbunel an described above 
powers are in Table I! is an 
time from the following observations of after dissolution 79° /24, 
36° /240, 33° /2670. The final observation is a little lower than would be derived from the equi 
concentration of (+)-carbinol in water, viz., + 37° 

(+)-2-(2-Hydroxy-#- yi)pyridine acetate was prepared from equal volumes carbinol (2- 

‘ at tor 3 hours, with ether, washed with x-sodium h 


p-diphenylylcarbimide 7 
the (+ )-urethane c 
Rotatory powers are in Table III. 


The absorption spectrum was determined by Dr. S. H. Beaven, using a Beckman photoelectric 


benzene (10 was beated under refx for 90 minutes. cooling, 
from petroleum, had m. p. 134° (0-85 ¢ 


zZ spectrophotometer. Thanks are expressed to the Government Grants Committee of the a 
aad to Lmperial Chemical Industries ited for grants, and to the Department of Scientific and 
Industrial Research for a maintenance grant (to I. G. A.). 

Battersea Potytecunic, Lowpon, $.W.11, _Recewed, March 16th, 1960.) 


380. The Dependence of Optical Rotatory Power on Chemical 
Constitution, Part XLI. 


By M. P. Bare. 


The use of rotation and dispersion data in the discussion of labile molecular configurations, 


Since 1928, optically active alcohols have been prepared in this laboratory for use in the study 
of reaction mechanisms, rather than for the study of optical activity itself, In 1942 the 
derivation of a two-term Drude equation to fit the rotatory dispersion of 2-furylmethylcarbinol 
(Airs, Balfe, Ifwin, and Kenyon, /., 1942, 531) encouraged us to consider the rotatory dis- 
persion of cyclohexylphenylcarbinol, which was in preparation at that time, and to prepare 
three other optically active compounds with heterocyclic substituents, viz., 2-thienylmethyl- 
carbinol, 2-(2-hydroxy-n-propyl)pyridine, and glycide phenyl ether, for similar examination. 
In the preceding communications it is suggested, mainly on the basis of changes in rotatory 
dispersions, that molecular association occurs in the last two substances. The purpose of the 
present communication is to examine the basis for such suggestions: most of the matters 
involved are discussed fully by Lowry (" Optical Rotatory Power,” London, 1935), Kuhn 
(Trans. Faraday Soc., 1930, 26, 293), Levene and Rothen (in Gilman's * Organic Chemistry,” 
ist Edn., New York, 1938), and Kauzmann, Walter, and Eyring (Chem. Reviews, 1940, 26, 
339). 

A comparison of the magnitudes of the rotatory powers of different substances, under the 
same experimental! conditions, can be related to differences in structure, notably in the observ- 
ation that ring structures produce a much higher rotatory power than do isomeric open-chain 
structures (see, ¢.g., the values recorded by Kauzmann, Walter, and Eyring, joc. cif.). For 
the present purpose, however, we are concerned with changes in structure on variation of the 
experimental conditions. These variations may alter the rotatory power, even if the structure 
of the optically active molecules remains substantially unchanged, and such effects must be 
eliminated if, as described later, it is desired to relate changes in optical rotation to changes in 
structure We also suggest that changes in rotatory dispersion may be used as an indication 


absorption spectrum, the frequencies of which are not, so far as is 

known, ¢.g., temperature or solvent. If then such a change in 
conditions of observation causes a change in dispersion, it would appear that the dispersion 
becomes controlled by new absorpton frequencies, which must imply some change in the molecule. 
It is assumed (following Lowry, and Levene and Rothen, opp. cit.) that, in regions of trans- 


parency, rotatory dispersion can be expremed by Drude equation a, = the 


b. p. 124—125°/19 mm. 11-4915, 1048. Rotatory powers are in Table III 
| 
s 


1872 Dependence of Optical Rotatory Power, etc. Part XLI. 


constants 2, . . . being frequencies of anisotropic absorption bands. “ Simple dispersion 
is expressed by a one-term equation and “ complex” dispersion by a two-term equation (if 
the terms have opposite signs and A, < Ay, A, > dy, the dispersion is “ anomalous "'); it is rarely 
that more than two terms are required to fit the dispersion in accessible wave-lengths. The 
most secure basis for comparison of rotatory dispersions is given by calculation of Drude 
equations from selected observations, to fit the dispersion curves observed under the different 
experimental conditions. It is, however, essential that the observations should be carried 
as far as possible into the ultra-violet, and unfortunately the facilities for so doing are not 
commonly available. Moreover, it is not always possible to derive a Drude equation to fit 
observations which extend into the ultra-violet. One possible reason for this is that the 
measurements may not be sufficiently delicate (the calculations can be very sensitive to small 
variations in rotatory powers). 

Even when it is not possible to derive an equation from the observations of rotatory power 
alone, it is usually possible to calculate one or more which fit tolerably well the observations, 
by assuming values for the characteristic frequencies 4,, 4,, and adjusting the A constants by 
trial and error. The procedare is less elegant than direct calculation, but would appear to be 
applicable for the present purpose. Some reasonable basis is of course necessary for the 
assumed frequencies - for example, characteristic frequencies of optically active substances of 
similar structure, or absorption frequencies in the spectrum of the substance under examination 
It may be found that several equations can be so derived to fit approximately the dispersion, 
but, if a change in experimental conditions causes changes in the constants of all of such several 
equations, then it would appear that the change in conditions has caused a change in the 
optically active molecules. Indications of changes in dispersion may also be obtained by the 
classification into simple dispersion (linear plot of I/a against *) and complex dispersion 
(curvature of plot): extrapolation of linear plots to the 1/2 axis gives the value of ), of the 
one-term equation. In most cases this is composite, and of no exact physical significance, 
but notable changes m it must reflect changes in the constants of the dispersion equation, as 
shown by Hunter (/., 1924, 125, 1198) and Levene and Rothen (op. cit). Similar comments 
apply to the use of the dispersion ratio, agy44/%540, (Lowry, op. cit., p. 132), which, if a one-term 
equation is applicable, is 1°61 for ) 1000 a., 1°65 for ) 1500 a, 1°73 for 4 2000 a., and 2°09 for 
4 3000 4. Dispersion ratios below 1:57 indicate that the dispersion equation has two terms of 
opposite sign ; ratios between 1:61 and 1°65 indicate that a one-term equation applies (particularly 
if the ratio does not change with solvents); ratios above 1°70, if constant in different solvents, 
indicate absorption in the near ultra-violet; if varying with solvent, they indicate that a two- 
term equation is required (Lowry, op. cit). 

The variables which we have used are temperature and solvent. Both may alter the optical 
rotation because they alter the refractive index of the medium. This effect can be eliminated, 
perhaps not completely (compare the results of Kenyon and Platt, /., 1939, 633, with an optically 
active hydrocarbon), but probably sufficiently for the present purpose, by use of an expression 
such as Beckmann and Cohen's rotivity 3(a)/(m* — 2)} (J. Chem. Physics, 1936, 4, 
784 1938, 6, 183); this expression can be derived from quantum-mechanical concepts of the 
theory of optical rotatory power (Kauzmann ef al, loc. cit.). The temperature coefficient of 
density, which affects the number of molecules influencing the beam of polarised light, is 
eliminated in the calculation of specific rotatory power. Increase in temperature also reduces 
specific rotatory power because it gives increased freedom of rotation about single bonds (this 
decrease is not observed in the rotatory powers of substances which have a cyclic, and therefore 
rigid, structure). The total decrease in specific rotatory power caused by the temperature 
coefficients of refractive index and freedom of rotation is not more than 10—20°% on 100° rise 
in temperature. If then a specific rotatory power is very greatly altered by change in tem- 
perature, it would seem reasonable to assume that there has been some alteration in molecular 
configuration, or in an equilibrium condition thereof, which is equivalent to an alteration in 
the optically active species 

When the rotatory powers (see, ¢ ¢., Rule, Smith, and Harrower, ]., 1933, 386) or preferably 
the rotivities (Kauzmann, Walter, and Eyring, loc. cit.) of a given solute in a variety of solvents 
are plotted against the dielectric constants (or a function thereof), a fairly clear relation can 
sometimes be observed. This is ascribed to solvent-solute interactions, which are outside 
the scope of the present investigations. We therefore ascribe to changes in the solute, only 
those changes in rotatory powers in different solvents, which are not caused by changes in 
refractive index and do not show any relation to the dielectrnc constants of the solutions. 
Kauzmann, Walter, and Eyring (/oc. cit.) observed that the sensitivity of rotatory power to 


q 
q 
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influences such as temperature, solvent, and small changes in structure make it a potentially 
powerful tool for investigating minor alterations which other molecular properties (¢¢., 
refractivity) are incapable of disclosing; Rule (/., 1933, 1217, and earlier papers, summarised 
by Lowry, op. cit.) had made a similar comment (the comparison is with other methods in which 
no chemical disturbance of structure occurs). The comment seems valid in principle. In its 
practical application, however, as outlined in the present communications, there remains a 
need for increased certainty of interpretation, which may come with further applications on 
similar lines. Bernstein and Pedersen (Jj. Chem. Physics, 1949, 17, 885) have recently reported 
a somewhat similar application of rotivity data to discussion of the configurations of sec-butyl 
alcohol; extension of the present investigations is not contemplated. 

If the procedures here outlined do, in fact, lack precision, this is not due to fundamental 
deficiencies in the theoretical study of rotatory power, regarding which Kauzmann, Walter, 
and Eyring (loc. cit.) observe that “ the problem of optical rotation can be said to be solved in 
principle."" Nor does it seem that increased accuracy in observations of rotatory power in the 
visible or near ultra-violet regions would improve the discussions. So far as discussions based 
on dispersion data are concerned, the most useful advance would be an extension of the range 
of wave-lengths in which rotations can be measured. Even the range covered by visible and 
accessible ultra-violet frequencies is only a small part of the spectral region in which optical 
activity may be manifested (see Kuhn, Joc. cif.). Comparisons of complete optical rotatory 
spectra would clearly be preferable to comparisons of calculated characteristics of inaccessible 
regions based on observations in the comparatively narrow accessible regions. There seems, 
however, to be no immediate prospect of extending optical rotatory spectra into the vacuum- 
ultra-violet; quantitative absorption spectra have not yet been extended into this 
though qualitative and some semi-quantitative observations have been made (see Platt and 
Klevens, Rev. Mod. Physics, 1944, 16, 182). Such an extension of rotatory spectra would be 
of intrinsic interest, but whether it would be more rewarding, in the study of labile configurations, 
than the study of infra-red absorption, in which advances have already been made, is open 
to question. 


Bartrersesa Povyrecuwic, Lowpow, $.W.11. (Received, March 16th, 1950.) 


381. The Chemistry of Hop Constituents. Part I. Humulinone, 
a New Constituent of Hops. 
By A. H. Coox and G. Harris. 


Extraction of the cones of Hwmulus lupulus (the c English hop) led to the isolation 
of humulinone, a new constituent of the petroleum-soluble hop resins 


In general, extraction of the cones or lupulin glands of a number of varieties of hops with organic 
solvents has in the past yielded two well-known crystalline compounds, humulone, C,,H,,O,, 
and lupulone, C,,H,,O,, to which structures were assigned by Wieland e¢f ai. after preliminary 
work on their constitution by Wéllmer (Ber., 1916, 49, 780; 1925, 58, 672; cf. Barth and Lintner, 
Ber., 1898, 31, 2022; Bungener, Bull. Soc. chim., 1886, 45, 487; Hayduck, Wochenschr. Brau, 
1888, 937; Lintner and Schnell, Z. ges. Brawwesen, 1904, 27, 666; Wieland, Schneider, Martz, 
and Hoek, Ber, 1925, 58, 102, 1012; 1926, 59, 2352). During the working up of methanolic 3 
extracts of the cones of the Worcester Fuggie or Kent Golding varieties of hops, incidental to a 
wider examination of hop constituents, a new compound was obtained. This compound, 
termed humulinone, was isolated as the crystalline sodium salt, C,,H,,O,Na, by treatment of 
the petroleum-soluble material with sodium hydrogen carbonate and was present to the extent 
of 1:0—2-0% by weight of the cones. Under the conditions used and in the presence or absence 
of air, both humulone and lupulone were shown to be stable, as was isohumulone which has been 
regarded as an isomer of humulone and is obtained from humulone by short treatment with hot 
alkali (Windisch, Kolbach, and Schleicher, Wochenschr. Brau., 1927, 44, 453, 473, 485, 497; 
Verzele and Govaert, Congr. Intern. Inds. Fermentation, Confs. et Communs., 1947, 207). Little 
doubt remained, therefore, that humulinone was present in the hop cones as such and was not 
formed from other compounds. 
The new compound was isolated directly from a light-petroleum solution of the hop con- 
stituents by treatment with aqueous sodium hydrogen carbonate or, more 
together with humulone as a mixture of lead salts from 90-—95°%, methanol. 


economically, 
In this way, 
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lupulone was obtained from the filtrate resulting on removal of the lead salt, by direct crystal- 
lisation of the residue from light petroleum. Humulinone was obtained from the lead salts by 
regeneration with sulphuric acid and treatment with sodium hydrogen carbonate. Acidification 
of the sodium salt gave free humulinone, C,,H,,O,. a white crystalline substance which did not 
crystallise from solvents. This and its sodium salt appeared from their ultra-violet absorption 
spectra to possess tautomeric structures; the significant data together with the absorption 
characteristics of humulone, lupulone, and isohumulone (all in ethanol) are given in Table I. 


Taste 


470 


imo 
* Inflexion. 


The absorption curves of humulinone and isohumulone were almost superposable, and both 
substances gave a purple colour with alkaline sodium nitroprusside. Humulinone resembled 
humulone and ischumulone on potentiometric titration with alkali, behaving as a monobasic 
acid, and back-titration with acid indicated that it had not suffered any change. It was a strong 
acid of pX, 2°7, as compared with pX, values of 55 and 34 for humulone and isohumulone 
respectively. At21 = 10* mm. pressure, humulinone distilled with decomposition at 125°. It 
contained two double bonds (iodine value), five active hydrogen atoms (Zerewitinoff), and one 
gem-dimethyl group (Kuhn-Roth oxidation). 

Hydrolysis of humulinone with hot aqueoys sodium hydroxide yielded acetone and isohex-3- 
enolic acid,* together with a mixture of unidentified acidic products. It thus seemed that this 
acid might be that isolated on alkaline hydrolysis of humulone, and not the 2-enoic acid as 
generally supposed. This proved to be the case. The other products isolated from humulone 
in this reaction were isobutyraldehyde, humulinic acid (cf. WOllmer and Wieland al., loce. cit 
and acetone, of which the last had not previously been obtained. The structure of humulinone, 
as of humulone and lupulone, is being investigated. 


Taste II, 
Activities (Dilutions, w/v). 
B. coh Staph aureus. Lactobacillus B+ 


Inactive 1. 400,000 Inactive 
! 000 1: 20,000 


ivoHumulone ...... Inactive 1: 20,000 : 
Humulinone ...... 1 1. 10,000 1: 20,000 


+ The strains of lactobacilli, kindly supplied by Dr. T. K. Walker, are common sources of infection 
in beers 


In view of the recent interest in lupulone as a tuberculostatic agent in vivo in mice (Yin- 
Ch'ang Chin, Anderson, Alderton, and Lewis, Proc. Soc. Exp. Med., 1949, 70, 158; Chin and 
Anderson, Fed. Proc, 1949, 8, 281), humulinone was compared with lupulone, humulone, and 
tsohumulone as inhibitors of Mycobacterium phlei and other organisms (Table II) (cf. 
Blakebrough, M Se. Thesis, Manchester, 1948). It may be seen that humulinone was not 
comparable with lupulone in activity against M. pale 


EXPERIMENTAL. 
Tsolation of H ‘ —(a) The cones of Worcester Fuggle hops (500 g.) were kept in methanol 
(5 1) ender nitrogen for 20 hours. Filtration and evaporation of the methanolic extract in a vacuum 
= a green of! (05 g.), which was extracted with warm light petroleum (b. p. 40—60°; 700, 250 c.c.). 


vaporation of the gave an 6.) A part (15 g.) was dissolved in 
methanol (220 c.c.) and water (11 ¢.c.), and total lead salt precipitated with 90%, methanolic lead 


Geneva nomenciature. 


2% 2800 
3380 20 
Seodiem salt of humulinone 470 éisoMumulone .................- 350 

2280 
2680 280 

220 
M. phlei plantarum 
Lupulone 1 100,000 1: 40,000 
J mubkone i) pot 
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using aqueous sodium sulphide as external indicator. After 20 hours the salt (6-75 ¢.) was 
Collected, ground. suspended in methaaa and 90% sulphur act (12 Cc) was 
to the ice-cold suspension. The mixture was well shaken, lead sulphate removed, and the filtrate diluted 
with water (800 cfc.) and Mgnt | m (80 c.c.). After re-extraction of the aqueous layer, the 
petroleum extracts were and dried. Evaporation gave an oil (5-55 g.), which was set 
with saturated aqueous sodium hydrogen carbonate (30 c.c.) and ether (30 c.c.) for 2- 3 days 
sodium salt of humulinone separated, and concentration of the ethereal fi and addition of 
as colourless vow C, 63-4, 62-5, 62-7; 
7-5; Na, 6-75, 605 630; H, 73; Na, 575; OMe 
ith ethanolic ferric chloride, it gave an orange 
(0) wan aie wit wer (10) and 
carbonate (10 c.c.) for 7 days vial 
the addition of a little light petroleum. Yield 
The cones of Kant Golding hops (250 g.) were kept as above with mothanel for 28 hours 
Evaporation, extraction of the residue with warm light petroleum (150, 100, 50c c.), and evaporation of the 
and addition of light petroleum (200 c.c.) to the ethereal filtrate brought the total yield to 3-25 g. (1-7% 


of the wt 

until the solid ‘had completely Washing. yy of the ether gave 
Kuhn-Roth oxidation gave 1-05, 1 mol. of acetic 1 value, 73-6, 76-89 367. 
requires C, 66-65; H, 50: active for B41, 133; 1 value for double books, of 1%: equiv. 
With bromine in carbon tetrachloride, hydrogen bromide was evolved. Humulinone was ble in all 
organic solvents, but insoluble in water. 

Stability of H to Sod Hydrogen Carbonate —-Humulone (0-85 g.) was kept in ether (10 ¢ c.) 
and saturated aqueous sodium hydrogen carbonate (15 c.c.) for 6 days under nitrogen. A similar 
experiment was conducted with the omission of nitrogen. In each case, separation, washing, and drying 
oe layer gave @ yellow, hygroscopic solid, insoluble in light petroleum, which presumably was 

salt of h since treatment with methanolic lead acetate  the 
) 


poh the salt as above gave humulone, m. p. 60-—-65° (0-6 g.), identified as the o-phen 
enediamine complex (0-65 g ).m.p.l u on admixture with authentic materia! (m. p. 117” 

Similar treatment of lupulune or epee ave unc starting materials; the former 
m. p. 93°, after crystallisation from mtb. p. 40-60") ; ssohumulone had b. p. 100°/2 x lo 
mm. (Found : C, 60-4; H, 86. Cale 69-6; H, 83%). With ethanolic ferric chloride, 
tsohumulone gave a carmine-red colour and se 4 ehualine sodium ni usside a red colour. 

Hydrolysis of Humulinone.—The sodium salt of humulinone (0-400 g.) was to 0-1 N-sedium 
hydroxide (50 ¢.c.), which had been refluxed for 1-5 hours in a current of nitrogen. The solution was 
distilled slowly in a current of nitrogen, the volume being made up as necessary with boiled-out water. 
The distillate was collected under 6x-hydrochioric acid containing 2 | 4-dinitrophenylhydrazine (A). 
After 40 minutes the solution was acid with 2~-sulphuric acid, and the acid solution distilled (40 c.c.). 
The distillate was extracted with chloroform (4 « 20 c.c.) (8). Solution A was extracted with benzene 
(4 x 20 c.c.), and the hed, dried b extract evaporated. The residue in benzene (3 c.c.) was 
placed on a column of alumina (Spence, Type H, 21-5 x 1-2 cm.) and the broad yellow 
with benzene. Evaporation of the eluate yielded orange needies (98 mg), m. p 

on admixture with authentic acetone 2 : 4-dinitrophenylhydrazone, after 

methanol (5 c.c.) (Found: N, 23-1. Calc, for C,H,,O,N,: N, 23-56%). Solution 3 was ev 
give an oil (121 mg.) and neutralised with 0-59¢ 7N-potassium hydroxide in water (0-5¢.c.). 
addition of 2~-hydrochioric acid (0-05 c¢.c.) and p-bromeophenacy! bromide (120 mg.) in ethanol (2-5¢ 
the mixture was heated under for Lhour. On the product had m. p. 


53-9, bal: 49,49, Br, 25-65, 25-2. C,,H,,0,Br H, 


This was by the method of Goldberg and Linstead (/., 1928, 2353) 
and had b. p. 116— 117°/19 mm. 
isms, m. p La from petroleum (lit., m. p. 71-—72°) (Found 

: 6%). Them ixture with the derivative above. 
ex-3-enore Aad. — the method of Col and Linstead (loc 


the above method with 0-1n-sodium 
gave p-bromophenacy! 
te from the alkaline solution 


on alumina, giving acetone 2 
admixture with authentsx: material ue trom the 
: Max. at 2600, 2680, and 2800 a. with E}S, = 530, 630, and 


_—The usual Lab-Lemco medium was used for Staph. aureus, 
and for the lactobacilli maltwort of s.g. 1-040 was used (cf. Blakebrough, 


1875 
49; Br, 25-6%) 

Hydrolysis of Humulone.—Humulone (1-0 g.) was treated by 
hydroxide (100 c.c.). The acid distillate gave an oily acid (1 
tsohex-3-enoate, undepressed by the authentic material above. T 
with benzene as above and chromat« 
(128 mg.), m. p. 125—126", 
distillation of the ischexenoic acid w 
93—94°. Light absorption (ethanol) 
respectively. 

Biological Testing 
M. phiei, and B. cols 

4 


series dilw 
during 18 hours at 37°, and then at room temperature (25°) for 48 hours. 


Inpostey Kessaacn Fourpation, 
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382. The Pigments of “ Dragon's Blood” Resin, Part I. 
Dracorubin. 


By (Mxs.) Dorormy A. Cottins (née Jowes), Feeo Hawortn, Katya Isarasena, 
and ALEXANDER Ropertson. 


"ream comcluded that theo isolated from commercial specimens of 
blood resin, it is concluded that the compound is an anhydro-2 
pyranol of ty derived from the 7-hydroxy-2 : 4-diphenylbenzpyranol, 
dracoru ba: Nit" ie, + Contrary to Brockmann and Haase it seems likely that 
dracorubin contains a methoxy! group but not an active carbonyl group the oximation product 
is considered to have a structure of the type (VI). Formed by methylation of dracorubin, 
O-methyldracorubanol (111: K « Me) gave rise to salts with acids and on degradation 
farnished a product (V; R « Me) identical with the monomethyl ether of draconol (V.; 
K ~ H) which ts obtained by the oxidation of dracorubin with hydrogen peroxide. Dracorubin 
is represented by the partial formula (1) 


From “ dragon's blood" resin of Indian origin Brockmann and Haase (Ber., 1936, 69, 1950) 
isolated the main colouring matter which they named dracorubin and suggested that the 
compound had the empirical formula C,,H,,O,. By a somewhat different procedure Hesse 
(Annalen, 1936, 624, 14) obtained two pigments from the blood-red resin of fruit-bearing parts 
of the palm Dracaena Draco Hiume and named the chief compound dracocarmine for which he 
proposed the formula C,,H,,O,. For the minor pigment C,,H,,O, Hesse proposed the name 
dracorubin. Subsequently Brockmann and Haase (Ber,, 1937, 70, 1733) re-examined their 
dracorubin which they found to be Levorotatory; they regarded it as very similar to, if not 
identical with, Hesse’s dracocarmine and, as a result of analyses of the hydrochloride, 
perchlorate, and picrate, proposed a revised empirical formula C,,H,,O,. In addition to 
describing two hydrogenation products Brockmann and Haase showed that on fusion with 
potassium hydroxide dracorubin gave rise to acetophenone. In a more recent communication 
which became available to us after the completion of the present work, these authors in 
collaboration with Freiensehner (Ber, 1944, 77, 279) have described further degradation 
experiments on dracorubin, the chief of which is the oxidation of the compound with hydrogen 
peroxide to give a phenol, draconol C,,H,,O,, and an acid C,,H,,O,, for which they tentatively 
suggest formule containing the residue (V; K « H). They consider that dracorubin may be a 
derivative of anhydro-7-hydroxy-2 : 4-diphenylbenzpyranol substituted in the 5-position by 
the residue C,,H,,O,. 

In the course of our preliminary studies * on the colouring matters of “ dragon's blood " 
resin, dracorubin was isolated from a number of samples of commercial resin by a procedure 
similar to that employed by Brockmann and Haase (loc. ci.) and subsequently by their method. 
The compound was also obtained according to the method employed by Hesse (loc. cit.) for the 
isolation of his dracocarmine. From a comparison of the properties of dracorubin with those of 
dracocarmine described by Hesse (loc. eit.) and of their respective derivatives we consider that 
dracocarmine and dracorubin are in all probability the same compound (cf. Brockmann and 
Haase, joe. cf.). Further, it has been confirmed that dracorubin is an anhydropyranol base, 
CyyH,O», of the quinonoid type (1), derived from the carbinol base of type (III; R = H) for 
which we propose the name dracorubanol. The quinonoid base forms salts by the addition of 
acids, ¢.g., with hydrochloric acid it gives the hydrochloride of type (11), etz., dracorubylium 
chloride, On treatment with sodium acetate this chloride (11) regenerates the parent base (I) 

* Our expermmental studies on the complex mixture of pigments present in “ dragon's blood “ resin 
were undertaken im conjunction with studies on rottlerin and were initiated in | pene grmrceet Ban of 
the work of the German authors The degradation experiments described in the present Fe Payee 
completed before 1940 and detailed descriptions of them were included in a by my 
co-workers for higher degrees in the University of Liverpool, wiz., Thesis for betes aster of Science 

tor 


wor Dorothy A. Col (née jones) in 1939 and Theses for the Degree of ot Philosophy 
Dr. K. lsarasena in 1940 and by Haworth in 1908. 


1876 Collins, Haworth, Isarasena, and Robertson : 

M.Sc. Thesis, Manchester, 1968). For tests against all organiams, the compounds were dissolved in 
ethanol (510 mg cc.) and the required volumes of the solutions added to standard amounts of the 
media in were incubated for 
18 howrs at on of the lactobacilh 
was ctlected 
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formation of the intermediate dracorubanol (III; R « H) (cf. Irvine and 

. 1927, 2086). In accordance with the established conversion of anhydro-benz- 

> the methyl ethers of the hydroxybenzpyranols (cf., ¢g., Pratt and Robinson, 

1923, 739, and Robinson and Armit, j., 1925, 
methyl sulphate and alkali gave rise to optically active (lavorotatory) O-methy!- 
banol of type (III; RK = Me) from which there were prepared by means of the 
appropriate acids O-methyldracorubylium chioride (IV; R= Cl), picrate (IV; 
R = ClO), and ferrichioride ([V ; R = FeCl,). In the conversion 
ot optically active dracorubin into O-methylidracorubanol a second asymmetric centre is 
produced at the 2-position and consequently the carbinol base (III; R = Me) (but not the 
salts) would be expected to exist in two forms capable of being separated by crystallisation, but 
i ; R = Me) was also prepared by the standard 


(L) (LL) (iL) 


etn 
(Vv. (VI) 


Like Brockmann and Haase (loc. cif.) we have found that the application of the standard 


tests for a methylenedioxy-group to dracorubin gives inconclusive results and we are unable to 
decide at present whether dracorubin contains this group. Contrary to the views of the German 
authors, however, we have obtained evidence that dracorubin contains an alkoxy! group, in all 
probability methoxyl. Although in determinations by the standard micro-Zeisel method 
dracorubin gave only traces of a volatile iodide, the use of the conditions employed for the 
estimation of alkylimide groups gave results in agreement with the presence of one methoxyl 
group (the results obtained by Dr. Ing. A. Schoeller, late of Berlin, and by Mr. R. Rothwell 
of this laboratory were consistent). In agreement with this view it was found that O-methyl- 
dracorubanol and O-methyldracorubylium ferrichloride gave results indicating the presence 
of two methoxyl groups. Though it is conceivable that under the conditions employed the 
alkyl halide might arise by a deep-seated change in the dracorubin molecule, in the absence 
of concrete evidence for this we regard the compound as containing a methoxyl group. Further, 
Brockmann and Haase (/oc. ef.) envisage the possibility of dracorubin containing a keto-group ; 
but although they form colourless products on oximation by the pyridine method we believe that 
dracorubin and O-methyldracorubanol do not contain an active carbonyl group and consider 
that the oximation products, which give anomalous analytical results (cf. Brockmann and 
Haase, loc. cit.), may be derivatives of the oximes, of type (VI; RK « R’ = Ph), of the 
corresponding styry!l ketones obtained by the opening of the oxonium ring. This view is 
supported by the observation that when flavylium salts are warmed with pyridine-hydroxyl- 
amine hydrochloride colourless oximation products are formed which are usually amorphous or 
resinous. In a favourable case it was found that 8 : 4’-dimethoxyflavylium chloride gave rise 
to the crystalline oxime, of type (VI; R= H; R’ «= C,HyOMe), of 2-hydroxy-p- 
methoxyphenyl 3-methoxystyryl ketone, which on being heated with alcoholic hydrochloric 
acid regenerated the parent flavylium chloride. Crystalline oximation products were also 
obtained from anhydro-7-hydroxy-2 : 4-diphenylbenzpyranol and from 7-methoxy-2 : 4-di- 
phenylbenzpyranol or its salts, but these derivatives did not give analytical results in agreement 
with the values required for the oximes of the corresponding styryl ketones. Like the 
oximation product from dracorubin the derivative obtained from anhydro-7-hydroxy-2 : 4- 
diphenylbenzpytanol readily dissolved in dilute aqueous sodium hydroxide. 


method of Armit and Kobinson (Joc. ei.) for the methylation of anhydro-7-hydroxybenzpyranol, 
and the methosulphate (IV; R « MeSO,) obtained in red prisms which gave O-methyl- 
dracorubanol on treatment with aqueous sodium acetate or alkalis. This procedure, however, . 
tended to yield a product contaminated with unchanged dracorubin and was less suitable than 
the alkali method for the preparation of O-methyldracorubanol in quantity. . 
R 
| 
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Of the five oxygen atoms in dracorubin two are present in the anhydrobenzpyranol residue 
and one probably in a methoxy! group, leaving two unaccounted for. From the properties of 
dracorubin and of O-methyldracorubanol we consider that the two remaining oxygen atoms are 
present in ether systerns. 

The degradation of dracorubin with hot alkalis under a variety of conditions gave only 
benzoic acid and acetophenone in addition to intractable products, whereas oxidation in acetone 
with aqueous potassium permanganate yielded benzoic acid along with gummy material. In 
quantitative experiments it was found that the estimation of the phenyl residues from the 
combined ts of acetophenone (isolated as the 2. 4-dinitrophenylhydrazone) and benzoic 
acid formed with boiling 20%, alcoholic potassium hydroxide indicated the presence of more than 
one phenyl! reudue in dracorubin, a result in agreement with the Kuhn-Roth estimation given 
by Brockmann and Haase (loc. cif.}. Chiefly owing to the insolubility of dracorubin in suitable 
solvents it was not possible to effect a stepwise oxidative degradation of the base, but with 
alkaline hydrogen peroxide in methanol we obtained a compound, m. p. 256° (decomp.), which 
gives a ferric reaction and appears to be identical with the phenol, draconol, described by 
Brockmann and Haase (loc. c/.), On methylation with diazomethane this compound readily 
gave a monomethy! ether C,,H,,O,.OMe), (V; K «= Me) identical with the phenolic product 
formed in small yield along with acetophenone by the hydrolytic fission of O-methyldracorubanol 
with alkalis, The same ether was obtained in somewhat better yield when O-methy!l- 
dracorubanol was oxidised in acetone with aqueous potassium permanganate, and the presence of 
the free phenolic hydroxyl group in it was confirmed by the formation of an acetate and a 
p-nitrobenzoate. Although we have failed to prepare a diagnostic carbonyl derivative, 
O-methyldraconol like draconol gives a ferric reaction in alcohol and therefore appears to contain 
a carbony! group in the ortho-position to the phenolic hydroxyl group. On hydrogenation with 
a palladium -charcoal catalyst O-methyldraconol gave rise to O-methyldihydrodraconol which 
forms a diacetate and gives an amorphous product with pyridinep-nitrobenzoy! chloride and 
we consider that in the hydrogenation the »CO group is reduced to >CH(OH). Oxidation of 
O-methyldraconol with potassium permanganate or chromic anhydride gave resinous material 
along with benzoic acid. Estimated by the Kuhn-Roth method, the amount of benzoic acid 
obtained from O-methyldraconol clearly indicated the presence of ope phenyl residue. 

In order to clarify the behaviour of dracorubin on methylation by the alkali-methy! sulphate 
method the application of this reaction to several anhydro-pyranol bases of known structure 
was studied. In addition to the known bases from 7-hydroxy- and 7-hydroxy-4-phenyl- 
flavylium chloride the red crystalline anhydro-pyranols were prepared from 7-hydroxy-6- 
methyl, 7-hydroxy-S-methyl-, and 7-hydroxy-5 : 6-dimethyl-flavylium chloride. With the 
exception of anhydro-7-hydroxy-2 : 4-diphenylbenzpyranol which gave rise to 7-methoxy-2 : 4- 
diphenylbenzpyranol, the remaining bases furnished only intactable gummy products under 
the conditions employed in the preparation of O-methyldracorubanol, a result which 1s in keeping 
with the partial formula (1) for dracorubin. 


EXPERIMENTAL. 


Dracorubin.—(a) The methods originally devised for the isolation of dracorubin were similar to those 
employed by Brockmann and Haase (loc. ct.) and the following modified procedure was ultimately 
adopted for the preparation of the compound in quantity The powdered resin (300 g.) was extracted 
with bothng benzene (2 1.) for 4 hours and the filtered extract was mixed with a solution of picric acid 
(15 g } in benzene (130 mi.) and heated under reflux for 6 hours, until the gelatinous brown precipitate, 
which had separated initially, became granular. Next day the solid (20-25 g.) was collected, washed 
with benzene (200 ml). air-dried (with slight darkening), and triturated with a little methanol or alcohol 
to remove resinous material, leaving the impure picrate as a bright orange powder which did not darken 
om exposure to air. Decomposition of this product (50 g.) in 95% alcohol (1 |.) with 25% aqueous 
sodiam hydroxide (200 ml.) at room temperature and then at 40° for 1 hour gave crude dracorubin 
which was collected, well washed with boiling water, and dned, yield, 8 g. of a semi-crystalline, deep 
scarlet powder This material was extracted with chloroform, leaving a small amount of a brown 
residue, the chloroform extract poured on a column of aluminium oxide and, after the lower bluish- 
purple zone had been washed through the column with much chloroform, the main red zone containing 
dracorubin was eluted with methanol-chioroform (1 9). Concentration of the red solution in a vacuum 
gave crystalline dracorubin which was purified by ated chromatography on aluminium oxide to 
remove trades of accompanying pigments yield, 150 ¢ of pure dracorubin from 15 kg. of resin. 
Crystallised from benzene and then benzene-methanol (1 9), dracorubin was obtained in dark red 

tes, m , 315°, having a greenish om reflex (Found, in a specimen dried in a high vacuum at 90° - 

786, 49, OMe, 62. Cale. for C,,H,,O,OMe, C, 787, H, 50; OMe, 62%). Purified from 
chloroform, the com nd formed dark red prisms, m. p. 315°, containing solvent of c lisation 
which was not completely removed when a specimen was dried in a high vacuum at 90° (Found, in a 
dried sample Cl, 15%). The m. p. of dracorubin varies somewhat with the rate of heating. On 


q 
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found to melt invariably at 31 


dracocarmine and, rifcation by chromatography with alaminrum 

recrystallisation from » hall p. 315° (rapid heating) and was identical in every wap way 

men isolated by method (a) (Found, in a amen dred in a h vacuum at 60° 14: , 50 
Dracorulin (1! g.) was heated with hydroxylamine hydroc (oo ) on 

steam-bath for 6 hours and the ——— almost colourless solution poured on ice (200 g.). Next day 

the solid was collected and repeated crystallised from moist acetone, giving a compound in colourless 

needles which charred at 220° after pink at 190° and was readily soluble in dilute aqueous 


sodium hydroxide (Pound, in material 4 in a high vacuum at 100°: C, 73-4; H, 64; N, 30. 
CysH,,O,N requires C, 73-7; H, 52; N, 27%. requires C, 76-3; H, 5-0; N,2-8%). This 
product, which had a negative ferric reaction, separated from c or aqueous alcohol in colourless 


rectangular plates and on being boiled with 2x-hydrochloric acid gave rise to dracorubylium chloride 
which, on treatment with aqueous sodium hydroxide, regenerated dracorubin 

Dracorubylium Salts.—(a) When a solution of the dracorubin (0-1 g.) in ethy! acetate (#0 ml.) was 
saturated with hydrogen chloride an almost theoretical yield of dracorubylium chloride separated in 
reddish-orange needles. Recrystallised from a mixture of 10% hydroch acid and methanol or 
alcohol, the chloride formed slender orange-red needles, readily soluble in acetic acid, moderately 
soluble in carbon tetrachloride, benzene, or ethy! acetate (Found: C, 73-2; H, 49; Cl, 67. Cale. for 
Cults OC): C, 732; H, 48: Cl, 68%). The chloride slowly decomposes in moist air with loss of 

some hydrogen chloride and readily regenerates dracorubin on treatment with aqueous sodium acetate 
or with much water 

(+) A warm saturated solution of dracorubin in ethy! acetate (40 ml.) was mixed with an excess of 
30% perchloric acid and the resulting precipitate collected, washed with ethyl! acetate, and crystallised 
from acetic acid, ving dracorubylium perchlorate in clusters of pi = m. p. 201° (decomp.) 
aher sintering at 40 , Kdentical with a specimen from the ch (Found: C, 65-4; H, 43, 
Cl, 61. Cale for CyH,,O,C1 C, 66-3; H, 44; Cl, 60%) This salt is much more stable than the 
chloride but on treatment with weous-alcoholic sodium acetate it regnerates dracorubin. 

(ce) The addition of picric acid (0-2 g.) in benzene (5 mi.) to a saturated solution of dracorubin (0-25 g.) 
in warm methanol—benzene (1 : 9) gave dracorubylium picrate which or acetic 
at 260° (Found: C, 63-5; H, 39; N, Cale. for 
C, 63-6; H, 3-8; N 

(4) A’ solution of dracorubylium chloride (0-5 g.) in the minimum amount of acetic acid at 30° was 
treated with an excess of a concentrated solution of ferme chloride in concentrated h hloric acid, 
and the buff-coloured precipitate collected, washed with a little acetic acid, and dried in the air. 
Crystallised from acetic acid containing a little formic acid, the solid gave a substance which does not 

to be a normal ferrichloride (Found, in a imen dried in a high vacuum at 80°. C, 56-8; 
, +6. Cale. for C,,Hy,O,Cl,Fe : C, 55-9; H,3-7%). This uct is sparingly soluble in chloroform 
or ethy! acetate and somewhat more soluble in methanol or 

O-Methyldracorubanol (111; R « Me).—-To a vigorously ted solution of dracorubin (6 .) in a 
mixture of methanol (100 ml.) and methyl sulphate (206 ml.), 20% aqueous sodium hydroxide was 
added gradually at a rate sufficient to maimtain the temperature of the mixture at about 70°. When 
the reaction mixture became permanently alkaline, indicated at this by the appearance of a red 
colour, a further portion of methy! sulphate (100 ml.) was added, followed by more 20% aqueous sodium 
hydroxide until the mixture again became alkaline. This procedure was ted until an almost 
colourtess insoluble product was separated. The ¢ was then diluted with water (about 2 1.) and 
next day the pale brown, almost colourless solid was collected, washed, and dried. Sufficient 
n-sodium hydroxide was added to the yellow solution of this product in the minimum amount of 
methanol necessary to discharge the colour (due to traces of acid) and to precipitate the crude O-methyl- 
dracorubanol (4-5 g.) which was collected, well washed with water, dried, and crystallised from aqueous 
acetone and then from benzene-light petroleum (b ip 80°), forming masses of colourless shou Gender 


needles, m 205°, after slight darkening at 180°, — 119.0" in (ec, g.) (Pound, in a 
rr dried in a high vacuum at 90°: C, 762; H,65; OMe, 12-6. C,,HyO,(OMe), requires C, 76-2; 
5-4; OMe, 11-90%. This compound, which is readily soluble in ine of acetone and moderately 
soluble in methanol or alcohol, pe absorbs acidic vapours when exposed to the atmosphere and 
becomes yellow. On being heated with hydroxylamine hydrochloride and pyridine on the steam-bath 
for 6 hours O-methyldracorubanol gave a uct which separated from aqueous pyridine in 
colourless needles, m. p. 285° (decomp.) (Fou C,740; C,,H,,O,N requiresC, 74-0; 
5-4; N,26%). When the hydroxylamine hydrochloride was re by ydrochlonde in 
this experiment a pr was obt d which formed smal! m. p. 210° (decomp.), from 
ard pyridine or acetone (Pound: C, 60-5; H, 53; N,67 Cat wy 3 requires C, 70-7, H, 5-4; 


Chloride (1V; R = Cl).—This salt was quantitativel 
an excess of 2x-hydrochioric acid to O-methyldracorubanol anette acid (00 eal 

Ceystallleed from dibets hydrochloric acid or dilute hydrochloric acid-acetic acid (2:1), the ¢ 
formed long orange needles which to decom ty 260° and finally fused at about 280° (Found : 
C, 730; H, 52; C1, 64. C,,H,,O,C) requires C, 73-5; H, 5-1; Cl, 66%). This compound is readily 
soluble in acetic acid, methanol, ethanol, or chloroform and, on treatment wit with aqueous sodium acetate 
or sodium hydroxide, tes the carbinol base. 

Treatment of O- yidracorubanol, dissolved in the minimum amount of acetic acid, with an 


of hich ts femarkably stable id almost theoretical id of the iv; Re 

orange at ( 4. 


1880 Collins, Haworth, Isarasena, and Robertson : 


‘which separated tom forme or cet byls 
which 


separated from formic dec 


acorubyliam (IV, BR = ClO, separated from acetic acid in slender 
‘tou y C, 664, H, 46; C160. requires C, 66- 
9%) 
K « H).—A solution of dracorubin (0-25 g) in methanol (60 mi.) was mixed with 15% 
ydrogen peroxide (1-5 mi.) and 2~ weous sodium hydroxide (25 mi). The deep red colour of the 
tion with acetic acid, cr » 
from dilute ethanol, this compound formed 
of pyridine and giving « bro 
of this compound to retain solvent of cr thom consistent anal 
(cf Brockmann and Haase, loc. cit). ylation of this 
™, O-methyldraconol which tormed slender, 
from ethyl! acetate identical with a weo™ obtained from 
Degredehon of (a) A solut of the comp g) in alc {100 
cont m hydroxide (5 in water 5 mil) was ew the 
(metal- bath) tor 10 minutes. After having been washed with a little ether the cooled melt was dissolved 
in water at 0", and the solution was acidified with concentrated hydrochloric acid (added drop-wise with 
ng) aad rep ly extracted with ether. From the combined ethereal extracts a little benzoic acid 
was isolated by means of aqueous sxdigm hydrogen carbonate Subsequent evaporation of the dried 
extracts then left a smal tof O id i which separated from warm acetone, ethy! acetate, 
ot acetic acid in pale yellow slender aondion, m. p. 247°, sparingly soluble in the usual organic solvents in 
the cold except pyr insoluble in dilute » wer sodium hydroxide, and having a brownish-green 
ferric reaction in alcohol Pound: C, 71-8, H, 54, OMe, 141; M, 382. site (0. onl requires 
C, H, OMe, 148%; M, 418. Cale. for C, 720 
sparing! 


M, 352). With alcoholic sodium hydroxide this ether y 

acetophenone which was identified by conversion into the 2. 4-dinitrophenylhydrazone, m. p. 237° 
after purification. 

(b) 3% Aqueous potassium permanganate (100 ml.) was added drop-wise to a solution of O-methy!- 
dracorubanol (1 g.) in be acetone (200 ml.) during 1) hours. Next day the mixture was cleared 
with the minimum amount of sulphur dioxide and diluted with water (100 mi ), the acetone was allowed 

“to evaporate spontaneously, and the pale yellow solid collected. A further small amount of the same 
product mixed with benzoic acid was obtained after extraction of the filtrate with ether in a continuous 

extractor for 3 hours. Crystalliwsation of the combined solids from acetone gave O-methyldraconol 
(01 g.), m. p. and mixed m. p. 247°, identical with a specimen obtained by method (4). With methanolic 

methonide this furnished a canary-yellow precipitate of the sodium derivative from 
which the phenol was ily regenerated on treatment with ac Acetylation of this phenol (1 g ) 

—_ yridine (5 mi.) te acetic anhydride (10 mi.) on the steam- bath for 6 hours gave a product which 

to purify. Repeated crystallisation of the material from ethyl acetate, 

and methanol chloroform ultimately furnished the acetate in colourless bac tes (0-4 g.), 
243° (Pound, in a dried in a high vacuum at Cc, 70, H, 

H, 50%, H,,O, requires C, 70-4; H, mixture of the sodium salt of 

O-methylidraconol ‘21 a). p-nitrobenzoyl chiornde (0- and toluene (0 mi.) was agitated for 
10 minutes and then heated on the steam-bath for 4 oak The solid which separated from the cooled 

mixture was washed with water, dried, and crystallised from p ine, giving the p-sttrobenzoate in 

rosettes of small, almost colourless needles, m. p. 307° (decomp.) (Found, in a dried specimen: C, 67-7; 

H, 46, requires C, 67-7; H. 44, N, 25%, 

Onidation of O-methyidraconol (0-5 g.) in boiling acetone (450 ml.) with saturated aqueous potassium 
permanganate (150 mi., added dropwise) gave rise to benzow acid (a t 0-02 g.) along with unchanged 
phenol (0-87 g.) and a small amount of yellow amorphous product. Oxidation of the 
with Sx-chromec acid (40 ml.) and concentrated sulphuric acid on the steam-bath for 
benzo acid which was isolated with ether oe oe by crystallisation from light petroleum (yield, 
15 of benzoic acid, theory for | phenyl! r ue in O-methyidraconol is 0-21 

Hydrogenation of O- Methyldraconol.—A solution of the omens (1 g.) in acetic acid (150 ml.) at 
100° was agitated with hydrogen and a palladium-—charcoa!l catalyst (from ed of charcoal and 0-2 g. of 

ladiwm chloride) for | hour, filtered (wash charcoal with acetic acid), evaporated in a vacuum. 

“rystallised from ethyl! acetate and then acetone or toluene, the residue gave the dihydro-derivative in 
= yellow rhombic plates (0-6 g.), m. p. 221°, soluble in alcohol or chloroform and having a bottle-green 
tric reaction in alcohol (Pound C, 71-5; H, 68, OMe, 141. C,,H,,O,(OMe), requires C, 71-4; 
H, 57, OMe, 147%). Acetylation of this compound by the hod 
6 hours gave rise to the deacetate which was repeatedly recrys 
then ethyl acetate, forming colourless -shaped prisms, m. p. C, 60-3. H, 5-5. 
(diacetate) requires C, 60-1; H, 56%. Cale. for (mono-acetate) C, 71; H, 


H. Richasps, Ormmaton of Chloride.—The chioride was 
by the condensation of ) and o-vanillin (2 g.) with hydrogen 
and te clusters of orange- 4 hydrochloric acid (cf. Robinson 

warmed on the steam-bath for pale yellow mixture was crushed 


Fe, 
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ay te in colourless slender needles. m. p. 148° (decomp.) (Found: C, 682; H, 59; 
requires C. 682; H, 57, 8750." This compound (3 was heated on the 


steam-bath with a mixture of concentrated yep y es acid (10 ml.) and alcohol hi mil.) for 45 minutes 
and the dark red solution treated with an excess of ferric ee eee 
Crystallised from acetic acid, the resulting solid gave 8 . 4'-dimethoxyflavylium ferrichlorde in 
brown needles with an orange sheen, 178°, we tow 
to have m. p. (Fosad : C, 441; H, 32; Fe, 11-0. Cale. for : 
Cc, 439 3-2; Fe, & Robinson ef ai., lee. cit. who give m. p 180°). 
1-Methory-6- methylflavyi um Chloride Aloride —The interaction of 5-methylresorcylaidehyde (7 g.) and 
one (8 mi.) in ethyl ac acetate (200 ml.) saturated with hydrogen chloride furnished 7-hydroxy-6- 
flavylium chionde. Crystallised from 10% and then 5% hydrochloric acid, this salt was obtained 
vdrate in brownish-yellow needles (8 g.), m. p. 162° (decomp ), with a greenish-yellow reflex which 
was partly debydrated on being dried at fom tem ture (Found, in a specimen dried in a vacuum 
over potassium hydroxide: C, 60-3, H, 5-0. H,O requires C, 60-3, H, 40%). 

Methylation of 2 ¢-dihydrony-5-methyibensaldch de (10 g.) with methyl iodide (1 ai and 
potassium carbonate (15 g.) in boiling acetone (200 mi.) during 80 minutes gave rise to 2-Aydrosy-4- 
methoxry-5-methylbenzaldehyde which formed needles (9 g), m 72°, from dilute methanol, having a 
violet ferric reaction (Found: C, 65-2; H, 63; OMe, 188. C,H,O,/OMe) wires C, 651; H, 60; 
OMe, 187%). The condensation of this aldehyde (2-4 g.) with acetophenone (2-5 ml.) in ethy! acetate 
with chionde furnished 7-methory-6-methylflavylium chloride which formed orange-y 

needles (3- os , 174° (decomp. ), from 2n-hydroc! acid (Found: C, 71-4, C,,Myy 
requires C, 12 52%) 
(Pound: C, 580; H. 43. C,,H,,O,C) requires C. 582; 43 
7- Hydroxy- é was prepared 
by means of ethyl acetate—hydrogen chioride 
red needles decomposing at } (Found: C, 70-7; ,e Cc 
The perchlorate separated from acetic acid in purple needles, m. p. 
in the usua! way, the anhydro-base crystallised from #-amy! alcohol in scarlet 
), readily soluble in methanol, alcohol, or chloroform 

-Hydroxy-5 6-dimethylfavylium Perch!ovate 5. 6-dimethyliflavylium chioride was 
prepared from 4: 6-dihydroxy-2 (Robertson and Whalley, /.. 1949, 3038) and 
Foes remem and crystallised from 10% hydrochloric acid, forming small yellow needles, m. p. 204— 

decom The perchlorate separated from acetic acid in reddish-brown needles (Found : C, 57-5; 
H, 46. C, requires C, 58-2; H, 43%). 

Treatment of an aqueous-methanolic solution of the chloride with aqueous sodium acetate gave the 
anhydro-base which was crystallised from #-amyl alcohol and then from chloroform-benzene, forming 
deep-red needles, m. p. 166° (decomp.}, readily soluble in alcohol, chloroform, or pyridine 

Oximation and Methylation of 4-diphenylbenzpyranol.—Formed from 
7- + chloride (Biillow and Sickerer, Ber., 1901, 84, 2368), 7- hydrosy-4- phenyl 

Alorate separated from acetic acid im small orange prieme, m 260.262" (decomp.), 

havin a lac reflex (Found: C, 63-2; H, 3-8 ,H,,OC1 requires C, 63-3, H, 3 
m a mixture of this anhydro- pyranol (Ba pole and Sickerer, joc. cit.) (1 g.) was heated on the 
steam-bath with hydroxylamine hydrochloride (1-5 g.), and pyridine (15 mi), the solution quickly 
became colourless and after 4 hours a test-sample on acidification and subsequent treatment with sodium 
acetate did not give unchanged quinonoid base. The mixture was then diluted with water and acidified 
with acetic acid, and the resulting viscous product was triturated with dilute acetic acid until it solidified. 
Crystallised from alcohol, this material gave a substance in clusters of colourless tiny prisms, m. p. 176° 
(decomp. ) after sintering at 78°, which was readily soluble in dilute “Ot sodium hydroxide (Found, in 
Me2%). dried in a high vacuum at 60°: C, 75-4; H, 52; N, 7-6. H,,O,N requires C, 76-1; H, 6-2; 

42 

On methylation with methyl sulphate and aqueous sodium ae 
dracorubin anhydro-7-hydroxy-2 : 4-diphenylbenzypyranol gave an almost theoretical y of a 
resinous product which was purified conversion into 7-methoxy-4-phenylflavyhum chloride. This 
compound separated from dilute alcohol in long orange-yellow needles which on treatment with aqueous 
sodium acetate furnished a gum which solidified on trituration with water and then aqueous acetone, and 
on crystallisation from 50% acetone gave rise to 7-methoxy-2 : 4-diphenylbenzpyranol in colourless 
elongated smal! prisms, m. p. 117° (Found, ina imen dried in a high vacuum at 60°. C, 600, H, 
5-5%) (cf. Robinson and Turner, /., 1918, 874, whe ante m. p. 55—57° for the amorphous compound). 
Crystallisation of the pyranol from dilute alcohol gave a mixed product in tiny colourless plates which 
— melted at 85°. On one occasion the crude methylation product was repeatedly crystallised from 

. givin , the methyl ether of 7-methoxy-2 : 4-diphenylbenzpyranol in colourless elongated 

sms mp. it , which became yellow on exposure to the laboratory atmosphere Found C, 70-8, 

e, 167. Calc. tor Cy, H,,0(OMe),: C, 80-2; H, 58, OMe, 18-0%) (cf. Balow and Sickerer, 

loc. cit., who oe iss m. p. 104° and Brock kmann and Junge, Ber, 1044, 77, B, 44, who give m. p. 114"). 

he pyranol, 7-methoxy-2- fernchlonde formed elongated orange prisms, 

m. p. 191° Armit and Robinson, Joc. cit.), and the perchlorate formed orange-yellow needles, m. p. 238° 
(Kebrmann and Reider, Helv. Chim. Acta, 1926, 9, 491). 

Oximation of the 7-methoxy-2 : 4-diphenylbenzpyranol or of 7-methoxy-4-phenylflavylium chloride 
with pyridine-hydroxylamine pote ES on the steam-bath for 4 hours gave a substance which, on 
trituration with water followed by crystallisation from alcohol, formed tiny culouriess plates, mp 164° 
in a high vacuum at 80°: C, 767; H, 55; N, 73. requires 

+ 
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383. The Pigments of “ Dragon's Blood” Resin. Part I. 
A Synthesis of Dracorhodin. 
By Acexanper Ropertson and W. B. WHacey. 


The constitution (V) assigned to dracorhodin by Brockmann and Junge has been confirmed 
by « synthesis of the ie starting from ac and 4 thydroxy-2-methoxy- 
d-methy!benzaldehyde (Il whieh has by a novel route 


From the alkaline liquor left on the decomposition of crude dracorubin picrate with aqueous 
sodium hydroxide Brockmann and Junge (Ber., 1943, 76, 751) isolated dracorhodin, a minor 
pigment of “ dragon's blood” resin which they recognised to be an anhydropyranol base. 
On hydrolytic fission this compound gave rise to 2-methylphloroglucinol 3-methy! ether along 
with acetophenone and was isomeric with the anhydro-base from synthetical 5-hydroxy-7- 
methoxy-#-methyl and from 5-hydroxy-7-methoxy-6-methyl-flavylium chloride. These 
results and studies on the anhydro-bases derived from 5- and 7-hydroxyflavylium salts (cf. 
subsequent work of Brockmann, Junge, and Eckhardt, Ber., 1944, 77, 347) led the authors to 
conclude that dracorhodin had formula (V). By the condensation of 4: 6-dihydroxy-2- 
methoxy-3-methylbenzaldehyde and acetophenone according to the standard procedure 
Brockmann and Junge (Joc, cit.) obtained a product in insufficient quantity for purification and 
analysis but from an examination of its ultra-violet absorption spectrum within a restricted range 
of wave-lengths they concluded that their synthetical material contained dracorhodin. The 
aldehydic component, m. p. 163-—164", employed by these authors in this synthesis, was 
obtained as a by-product in the preparation of 2 : 6-dihydroxy-4-methoxy-3-methylbenzaldehyde 
from 2- -methy|phloroglucinol 3-methy! ether by the method of Gattermann and appears to have 
been impure. Accordingly, in view of its possible relation to dracorubin, the main pigment of 
" dragon's blood " resin, it seemed desirable to confirm the structure of dracorhodin by an 
unequivocal synthesis, Small specimens of dracorhodin were isolated from ‘ dragon's blood ” 
resin in these laboratories during 1044 by Dr. F. Haworth (unpublished work; see also Part I, 
preceding paper) and had properties identical with those described xt the German authors. 


COMe CO Me 


OMe Me 


(lL) Nate av) (Vv) 


In a prolonged search for a satisfactory route to the intermediate 4 : 6-dihydroxy-2-methoxy- 
3-methy!benzaldehyde (III) required for the synthesis of dracorhodin it was ultimately dis- 
covered that this aldehyde could be obtained in good 
a Synthetee dracorhedia | yield by the hydrolysis of the anil of methyl 2: 6- 
© Netura/ dracerhedn (II) 
with simultaneous decarboxylation of the resulting acid. 
All attempts to hydrolyse the parent formy! derivative 
(11) to (III) were unsuccessful. The intermediate ester 
(1; KR = Me) required for the preparation of (II) has 
been obtained in good yield by the Clemmensen reduc- 
tion of (I; R — CHO) in methanol, a route which is 
superior to that described by Herzig and Wenzel 
(Monatsh., 1902, 28, 113). 

The condensation of the aldehyde (III) and aceto- 
phenone with hydrogen chloride to give (IV) did not 
proceed smoothly and the results depend greatly on the 
solvent employed. In methanol the main product 
appears to be a red substance which may be a xanthylium 
salt and this is formed, to a small extent, even in acetic 
acid which was found to be the most satisfactory medium. 
Thus prepared, 7-hydroxy-5-methoxy-6-methylflavylium 

nal chloride (IV) was identical with the hydrochloride of 
natural dracorhodin and on treatment with aqueous sodium acetate or sodium carbonate gave 
the anhydro-bas» (V), identical with the natural compound. The identity of natural and 
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synthetical dracorhodin was confirmed by examination of their absorption spectra and by 
comparison of their respective picrates and perchlorates. The absorption curves for synthetical 
and natural dracorhodin were coincidental within the limits of experimental error, and the curve 
for the natural base only is reproduced (see figure). 


Dracorhodin. Minima. Inflexions. Maxima. 
Natural A, mp. 298-0 4020 283-0 3670 324.5 480-0 
227 154 374 222-2 49 317-5 
Synthetic A, my. 298-0 010 282 3685 325.0 470-0 
* 230 150 379 210 335 310 


Cy ~3-methylbensoate (1; R Me).—-Methy! 2 : 6-dihydroxy-4-methoxy- 
R 177-6", was dallowing modification of the mothad 
Soverthed by Clarke rtson (/., "i088, 2260). A solution of methy! 2 : 6-dihydroxy-4- 
methoxybenzoate (I; o= (6 and ogen cyanide (15 ml.) in ether (225 ml.) was saturated 
at 0° with h + the copious, colourless precipitate was washed with 
pAb ho FE The solid dissolved and was by the formy! derivative 
The crude compound (5-6 g.) 
m. 
A of the foregoing formyl desivative (I; 250 mil.) was 
mi.) and water (20 mi.) containing 
zinc (80 canes the reaction com by heating the mixture under reflux for 10 minutes. 
The hot liquid was then decanted, the resid a ane ee 
methyl 2: ydroxy-4- ) in needles (82 


m. p. 132—133°, unchanged on recrystallisation from aqueous methanol from which it 
colourless rectangular plates (cf. Herzig and Wenzel, loc. cii.). 

2 : 4-Dihydrory-6-methory- hy (111). interaction of methy! 2: 
pepe teres peg ee (3. g.) (1; R = Me) with hydrogen cyanide (5 mi.) and zinc cyanide 
in ether saturated at 0° with hydrogen chloride gave a colourless talline solid t r witha 
amount of an oil. This product was isolated 24 hours later, with ether, and dissolved in wetes 


150 ml.). The solution was ra deposited methyl 2: 6-dshydro: 
(II) in almost ourless plates (1-5 Kecrystallised from 


m or methanol, this compound formed . slender, colourless needles, m. p. 122°, which in 
a with the mother-liquor changed into stout riess prisms, m. p. 122° (Found : C, 66-3; H, 5-2. 
CisBt (Oe requives ©, 55-0; H, 5-0%), having a red-brown ferric reaction in alcohol. The aldehydo-ester, 
y soluble in acetone, moderate Sa and sparingly soluble in light petroleum, 
ahi at 120°/0-1 mm., forming clusters of stout needles. 
When the real mother-liquors from the aldimine derivative were mixed with more hydrogen 
a— (5 ml.) and zinc cyanide ( g .) and again saturated ——a a further quantity of 
aldimine complex was obtained which gave the aldehyde (0- 
Sy Sais Oe do-ester (11) (© and aniline 2.6 ¢) in methanol 
(100 ml.) on the steam-bath for 5 minutes, aoe va from methanol in clusters of lemon- 
needles (5-5 g.), m. p. 162° (Found: N, 46. H,,O,N requires N, 4-4%). When a solution of this 
anil (1 g.) in 10% aqueous Fp pee (25 ar ) was heated under reflux + ey: atmosphere of nitrogen 
for 2 hours, on with concentrated hydrochloric acid 2-methoxy-3- 
methylbensaldehyde (itl) as a pale fawn-coloured crystalline solid. m 172°, which, on 
tion from rae petroleum or aqueous methanol, formed slender colourless prisms 
178" (Found C, 69-5; H, 6-6. 2% 69-3; H, 5-5%) (cf. Brockmann and 
, loc. cit., who gave m. p. 163—164"). aldehyde, which has a red-brown ferric reaction in 
am separated from aqueous methanol in clusters of orange es, m. p. 160° c"y .) (Found ; 
uires N, 5-4%), and the 2 : 4-dinitrophenylhydraszone formed tin 
—295° {decomp.), from ethyl acetate (Found: N, 15-2 requires 
(ct ‘Brockmann and Junge, cit., who give m. p. 245-—247"). 
Dracorhodin (V).—A stream of hydrogen chloride was led into a solution of 4: 6-dihydroxy-2- 
methoxy-3-methylbenzaldchyde (0-5 g.) and acetophenone (1-3 g.) in acetic acid (5 mi.) for 1 
24 hours later the golden-orange ——— product was collected, washed with ether, and crystallised 
from 2n-hydrochloric acid, giving 7-hydroxy-5-methox -6-methylflavylium chloride (IV) as a hydrate 


in golden-brown needles, m. p. 205° (decom: -) after darkening at about 180° (Found: C, 63-3; H, 6-0; 
CL 10-8. C,,H,,0,C1, HO re uires C, 63-7; H, 63; Ci, 11-1%). Obtained from (IV) by means of 
aqueous sodium acetate or um hydrogen carbonate, dracorhodin d trom methanol 


in rosettes of deep-red prisms having a green reflex, m. p. 169° (decomp.), - undepressed on admixture with 
(Found: C, 770; H, 65. Calc. 766, H, 53%). The 

fam picric acid ta clades -brown needles, m. p. 217- 
( .), alone or admixed with a Pere from natural dracorhodin iy ad C, 55-6; 
H, 36; tor ,0 C, 568; H, 34; itavylium pr from methanol 
containing a ic acid, 7-h 6-meth um perchlorate formed 


prisms, m. p. 227 4 i) of which are identical with 
of natural derivative Cc, H, 43; Cl, . Cale. C, 647; 

H, 41; 97%) (ef. Brockmann and Junge, loc whe give m. p. (decomp.)}. 


Cook and Thomas : 


Natural d thedin was isolated from the requisite fraction oltained during the poten, of 
little picric acid had m. p. 217 C, 56-9; H, 36 
trom the plcrate dracorhodin separated from aqueous methanol in rosettes of deep-crimson prisms, 
(decomp.), having a green reflex. 


The ultra-violet absorption spectra were determined with a Beckman quartz spectrophotometer 
in benzene solution by the courtesy of Professor R. A. Morton of the Biochemistry Department to whom 
we express our thanks. 


Unsiversrry oF Livenroot. [Reevived, April 3rd, 1950.) 


384. Studies in the Azle Series. Part XXIX. The Preparation 
of Some Natural Xanthines and Related Purines. 


By A. H. Coox and G. H. Tuomas. 


Ethy! boxylate on reaction with methy! isocyanate followed by 
treatment with al affords I-methylxanthine. Methylation of the glyoxaline with diazo- 
derivative orientated so as to give paraxanthine and caffeine 

imidine cyclisation. Ethyl 4-amino-2-phen and -2- 
form monomethy! derivatives from ich, ultimately, 
S-phenyl- and S-benzyi-caffeine. Keaction of aminoglyoxalines with urea = wb some 
difficulty, xanthines substituted only at Cy, Thiourea reacts only very ly with amino- 
giyoxalines but acetyl tscthioc yanate is an excellent substitute. 


Coox, Davis, Heiterow~, anp Tuomas (Part XIV of this series, J., 1949, 1071) described a 
synthesis of xanthines whereby ethyl 4-aminoglyoxaline-5-carboxylates (I; R =< H, Me, Ph, 
and CH,Ph) reacted with methy! isothiocyanate, and the resulting 4-N-methylthioureido- 
compounds (I1) were cyclised to 2-thio-l-methylxanthines (II]; R =< H, Me, Ph, and CH,Ph; 
NMe—CX 


(IIL) 


X= 5S). The l-methylxanthines (111; R Me and Ph; X = O) were obtained by a similar 
route, using methyl tsecyanate in the place of methyl isothiocyanate. The present paper 
describes the extension of this work to include some natural purines and further homologues 
thereof. 

Attention was first directed to the synthesis of l-methylxanthine (111; R =— H, X = O) 
which, although itself of no known outstanding importance, is of interest as an intermediate in 
the synthesis of caffeine. Ethy! 4-aminoglyoxaline-5-carboxylate (I; R < H) afforded ethyl 
(Il; H, X O) on treatment with excess of 
methyl isocyanate in warm pyridine. The ureido-compound readily dissolved in aqueous 
sodium hydroxide and acidification of the solution resulted in the precipitation of 1-methyl- 
xanthine, but the yield was low (50%), the alkaline filtrate containing some diazotisable base. 
It appears, therefore, that alkali caused partial reversion of the 4-N’-methylureido-compound 
to an aminoglyoxaline; no such decomposition was observed in the related cyclisation of the 
4-N’-methylthioureido-analogue described in the earlier paper. Apart from analytical evidence 
and the murexide reaction, the formulation of the product as 1-methylxanthine was confirmed 
by methylation to caffeine by methy! sulphate (cf. Englemann, Ber., 1009, 42, 177). 

The synthesis of a dimethylxanthine, either paraxanthine or | : 9-dimethylxanthine, required 
preliminary methylation of the glyoxaline ring of (I). Pyman and his co-workers, after an 
extensive study of the methylation of substituted glyoxalines, concluded that an electron- 
attracting substituent at C,,, favours the formation of 1- rather than of 3-methyl derivatives, 
whereas electron-donating groups act in the opposite manner (j., 1910, 1814; 1922, 2616; 
1924, 1431; 1925, 577). That more than this mere inductive effect of a 4(5)-substituent was 
concerned was shown by the more complicated example (Gulland and Story, J., 1942, 232) of 
the methylation of methyl 4-nitroglyoxaline-5-carboxylate to methy! 4-nitro-1-methylglyoxaline- 
Scarboxylate despite the fact that of the 4- and the 5-substituent the latter was the less 


1884 
(iL) 


[1950) Studies in the Azole Series. Part XXIX. 1885 


electropositive. No work wis done on the methylation of aminoglyoxalines, mainly because 
of the difficulty of access of these compounds at that time so that it was of some additional 
interest to see how (I) behaved. With diazomethane, which had been successfully employed by 
Forsythe and Pyman (/., 1925, 573) for the methylation of several glyoxalines, (I) yielded a 
diazotisable monomethy! derivative, necessarily therefore ethy! 4-amino-1-methyiglyoxaline-5- 
carboxylate (V) or 5-amino-l-methylglyoxaline-4-carboxylate (IV). Of these two, one was 
known as the hydrochloride (Mann and Porter, /., 1945, 751), and the other as the hydrochloride 
and Heilbron, J., 1948, 2028). 

was the hitherto unknown d (V). The methylation of the imino-group 
adjacent to the carbethoxy-substituent might be correlated with the obvious structural analogy 
between (I) and xanthine which is methylated in the 7- rather than the 9-position. The 
structure of the diazomethane methylation product was indeed confirmed by its conversion 
into caffeine: reaction of the methylated glyoxaline with methyl isothiocyanate in boiling 
pyridine yielded 4-N’-methyithioureido-5-carbethoxyglyoxaline, dissolution of which in hot 
aqueous sodium hydroxide yielded a sparingly soluble sodium salt whence acid precipitated 


‘ch ‘hi 


2-thio-1 : 7-dimethylxanthine (VI); paraxanthine (VII) was obtained by treating the thiopurine 
in alkali with hydrogen peroxide, and converted into caffeine by methylation. This synthesis, 
apart from establishing beyond all doubt the structure of the monomethylation product, also 
proved to be a more satisfactory route to caffeine than the previous synthesis using 1-methyl- 
xanthine as an intermediate, although involving more stages. 

The preparation of paraxanthine and caffeine derivatives containing hydrocarbon 
substituents situated at C,,, has not been extensively studied despite the pharmaceutical 
importance of caffeine. 8-Methyl- and 8-ethyl-caffeine have been prepared by treatment of the 
corresponding 8-alkyl ethers of caffeine with acetic anhydride (Huston and Allen, J]. Amer. 
Chem. Soc., 1934, 56, 1793). This method, which is essentially an application of the preparation 
of 8-methylxanthines by reaction of uric acid and acetic anhydride (Boehringer and Son, Chem. 
Zentr., 1901, II, 71; Golovchinskaya, Chem. Abs., 1948, 42, 2580), is very limited in scope 
and cannot, for example, be extended to include the syntheses of 8-propy!- and 8-butyl-caffeine. 
8-Methyl-1 : 7-diethylxanthine (Mann and Porter, loc. cit.) is possibly the nearest approach to an 
8-alkylparaxanthine recorded in the literature. Thus no general method has been established 
for the preparation of both alkyl- and aryl-caffeines and -paraxanthines, but as ethy! 4-amino-2- 
alkyl- and -aryl-glyoxaline-5-carboxylates were readily available from ethyl aminocyanoacetate 
they appeared to offer a useful route. 

Ethyl! 4-amino-2-phenyig! i late (1; R = Ph) and diazomethane yielded a 
diazotisable monomethy! base, formulated, by analogy, as ethy! 4-amino-2-pheny!-1-methyl- 
glyoxaline-5-carboxylate and characterised as its 4-azo-2-naphthol derivative and picrate. 
This base and methy! isothiocyanate afforded ethyl 4-N’-methylthioureido-2-phenyl-1- 


mk 


ax.) 


methyiglyoxaline-5-carboxylate from which the sparingly soluble sodium salt of 2-thio-8- 
phenyl-1 : 7-dimethylxanthine was obtained in the usual way; the free xanthine (VIII; X = S) 


4 
(vt) (VIL) Caffeme 


separated on acidification of the sodium salt. 8-Phenyl-1 : 7-dimethylxanthine (VIII; X = O), 

obtained by keeping the thiopurine in alkali with hydrogen peroxide, yielded 8-phenylcaffeine 

(EX) on methylation. §&Phenylcaficine was obtained in better overall yield from ethy! 4-amino- 
ighyoxaline-5-carboxylate, by the methylation of 8-phenyl-1-methylxanthine (X). 

Ethy! obtained by reaction of ethy] 
4-amino-2-benzyigiyoxaline-5-carboxylate with diazomethane or methyl sulphate, afforded the 
4-N’-methyithioureido-ester, 2-thio-8-benzy!-1 : 7-dimethylxanthine, 8-benzyl-1 7-dimethyl- 
xanthine, and, finally, 6-benzyicaffeine, by a similar route. 

The use of urea in the place of the lachrymatory isocyanates for the formation of the 
pyrimidine ring seemed to present a more economical synthesis of purines from aminoglyoxalines. 
The results, however, proved disappointing since not only was the condensation of urea and 
ethyl 4-amino-2-phenyl- and -2-benzyl-glyoxaline-5-carboxylate difficult to effect, but also much 
decomposition occurred on treatment with alkali and the yields of &-phenyl- (XII; R = Ph, 
X =» O) and §&-benzyl-xanthine (XII; R = CH,Ph, X = O) were low. Urea reacted more 
smoothly with ethyl and 8-phenyl-7- 


NH-—CX 
oc 


eu 
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(XL) (XIL) 


methylxanthine (8-phenylheteroxanthine) was obtained from the resultant ureide without 
accompanying decomposition. Reaction of ethyl 4-amino-2-phenylglyoxaline-5-carboxylate 
with thiourea was unsatisfactory but the desired thiopurine was obtained by a less direct route. 
The aminoglyoxaline and acetyl isothiocyanate gave the 4-N’-acetylthioureido-ester (X1; 
R = Ac) which in hot concentrated hydrochloric acid afforded ethyl 4-thioureido-2-pheny|- 
giyoxaline-5-carboxylate (XI; R= H). Cyclisation of the last gave 2-thio-8-phenylxanthine 
(X11; R = Ph, X = S). 
EXPERIMENTAL. 


All the ethy! 4-amino- l-methylg! ine-5-carboxylates described below were diazotised in dilute 
b hloric acid and the resulting solutions, when poured into §-naphthol in aqueous sodium hydroxide, 
ided red alkali-insoluble azo-<tyes. The xanthines and 2-thioxanthines gave strong murexide 
reactions on oxidation with nitric acid, and potassium chlorate in hydrochloric acid, respectively. 
Preparation of Caffeine.—(a) Ethy! 4-aminoglyoxaline-5-carboxylate (4-4 g.) in dry a (8 c.c.) 
was warmed with methy! isocyanate (2 ¢.c.) for 10 minutes was cooled, a 
of methyl isocyanate (2 c.c.) added, and the solution again warmed ; thio procedure was repeated twice 
more. On being at 0°, ethyl Co 5) ated and 
crystallised from ethanol as needles, m. p. 147° (Pound : C, 45-4; H, 5-8; N, 26-3. C,H,,O,N, requires 
C, 463; H, &7; N, 264%). The ureido-compound was dissolved in 5% ueous sodium hydroxide 
(10 ¢.c.), and the solution heated at 80° for 20 minutes. On neutralisation of the solution with glacial 
acetic acid, l-methylxanthine (0-3 g.) separated as a bluish salt-like solid. The filtrate was treated with 
sodium nitrite at 0° and poured into excess of alkaline 8-naphthol ; a red alkali-soluble azo-dye developed, 
indicating the presence of some aminoglyoxaline. 1-Methylxanthine was obtained asa blue micro- 
——— solid by ted acidification of its solution in alkali (Found: C, 43-2; H, 3-4. Calc. for 
CHOWN, : C, 43-4; H,3-6%). Caffeine was obtained by methylation of l-methylxanthine with methy! 
sulphate fet Englemann, Ber., 1909, 48, 177) and its identity confirmed by a mixed melting point with an 
authentic specimen 
(6) Diazomethane (2-8 g.) in ether (100 o.c.) was added to ethyl 4 line-5-carboxylate 
(2:1 g.) in methanol (40 c. alt a steady evolution of nitrogen occurred for ca. Sion. The solution was 
conc entrated im vacuo (to 40 c.c.) and the crystalline solid which separated at 0° was collected. More 
solid (0-8 g.) was precipitated on addition of cold light petroleum (b. p. 40—@0") to the filtrate. Ethyl 
4-amino-|-methylglyoraline-5-carborylate was readily soluble in most common organic solvents; it was 
crystallised best from water or benzene-lhght petroleum, a see aa m. p. 140° (Found . 
C, 405, H, 66; N, 249. C,H,,O,N, requires C, 40-2; H, 6-4 24-90%); ethyl 4-amino-3-methy!- 
giyoxaline-5-carboxylate has m. 192” (Cook, Downer, and Heilbron, ? 1948, 2028). Addition of 
anolic chloride to ethyl ¢-amuino-1- -methyiglyoxaline-5-carboxylate in ethanol yielded the 
m 195° (Mann Porter, /., 1945, 751, give m. p. 190°). The methylated 
g.) and methy tsothiocyanate (0-5 g.) in pytidine (2 ¢.c.) were heated under reflux for 2 hours. The 
cooled solution was diluted with ice water (10 ¢.c.), ethyl 4-N’'-methylihiourcido-1-methyighyoxaline-5- 
carbosylate (0-8 g.) by precipitated. A sample crystallised from ethanol as fine needles, m p. 136° 
(Found : C, 45-0; 38 C,H, ONS requires C, 44-6, H, 58%). The th do-c d (0-5 g.) 
readily dissolved in ket 5% aqueous sodium hydroxide and on slight aS sodium salt of 2- 
1: T-dimethyixanthine separated as a mass of colourless threads, m. p ’, Addition of excess of 
glacial acetic acid to the sodium salt suspended in hot water yielded 2-thio-] : 7-dimethylranthine as 
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in overall yield of 78% the intermediate thioure:d 
but dissolved im hot alkali and the solution acidified with glacial acetic acid. 
ey payee 5c.c.) was added, with stirring, to a of 2-thio-1 : 7-dimethyl- 


xanthine (0-9 g.) (as the sodium salt) in sodium hydroxide solution (5 25 c.c.). The sodium salt 
dissolved and, after 1 hour the culation wan heated ot 


dinsomethane (0-4 
after 2 hours. The caffeine (0-18 g.) was collected 
authentic specimen 


Methylation Ethyl t-Amin diazomethane (3-6 g. in 
200 c.c.) was to a suspension of powdered ethy! 4-amino-2-phenyiglyoxaline-5-carboxylate 
(10 g.) in methanol (20 c.c.) ; 


te evaporated 
of light petroleum (b. p. ; 
(5 c.c.). The yellow solid (6-7 g.), ethyl 4-amino-2-pheny!l-|-methylgiyox . was readily 
soluble in cold acetone, ethanol, or warm chloroform, benzene, CS ee in warm water, 


and insoluble in petroleum ; ote hin com ht petroleum as large colourless 
m. p14 (Found C, 63-5; H,63 Tl. CysH,,O.N, C, 63-7; N,@1; N, 17 

The ptcrate, needles, m. p. 157° (Fou 

5 g.) in 2n-hy: acid (8 c.c.) was diluted volume of water and cooled to 0°. 

crystallised from acetic acid (Pound: N, 146. 


A solution 2-phen and 


crystallised from a 
voles of hot water as threads melting indefinitely above (Found: N, 166. C,,H,,ON,SNa 


uires N, rig. Glacial acetic acid was added to the above suspension of the sodium salt, whereby 
tty 7-dimethylzanthine was precipitated as a gelatinous solid, m. p. 342° (Found : C, 57-0; 
H, 42 20-9. C,H sON,S requires C, 57-3; H, 44; N, 20-6%). The thioparine (2-4 «.) was added 
to 5% sodium hydroxide (30 ¢.c.), and the solution, from which some of the sodium salt had | 


was stirred whilst 80-vol. hb ide (10 c.c.) was added. The reaction was exothermic and 


pine. —(a) A solution of &-phenyl-1 : 7-di (0-7 g.) in sodium by 
collected. crystallised from as 187° (Found: C, 62-5 
N, 210. C,,H,,O,N, requires C, 62-2; H, 51; N, 20-7 as §-Phenyl- l-methylxanthine (1 & 
1949, 54% sodium hydroxide (10 c.c.) was th methyl 
cooling of the clear tion to 0°, &-phenylcaffeine (0-9 g.) separated, with the 


as above. 
80 c.c.) was added to eth 


or ether. 


(b) Ethyl 4-amino-2-benzylglyoxaline-5-carboxylate (0-5 g.), dissolved in the minimum q 
dilute hydrochloric acid, was poured into 5 cc) at with 
solution was rapidly cooled and shaken mec tor the 
1-methyliglyoxaline (0-4 g.) separated as a granular solid, m. p. 146°. 
the compound proved to be identical with the former product 


(e) an alkaline solution of ethyl ¢-amino-2-bensyigiyoxaline $-carboxylate (0 ) with 
for 12 hours gave the sume methylated oxaline (0-38 g.) in 
Ethyl 4amino-2-benzyl-1-methylg 5-car te (2 
. (2 ¢.c.) under reflux for 2 hours. On dilution of 


ethyl rystallised from ethanol as hexagonal m. p. 124° (Pound 
Cc, 47-5; H, 60; 16-7. CysHyO,N,S requives C, 47-8; H, 60: N 
the th d (2g.) in the usual way, followed acidification, 1:7 

xanthine (1-6 g.) was was obtained as small * (Found: C, H, 49; N, 1 


acidification of the cooled solution with glacial acetic ax and storage at 0”, axanthine 

(0-7 g.) separated. The purine crystallised from water as needles, m. p 290° (Found a os ie: H, 44; 

N, 311%). Finely powdered paraxanthine (0-21 

c.); « brisk evolution of nitrogen ensued which 
oon? 

when all the sodium salt had re~lissolved the solution was heated to 80° and acidified with acetic acid; 

thereal diazomethane (2 in 
in methanol (100 c.c.) fter . 

cooled pyridine solution with water, ethyl 4-N’-methylthtouretdo-2-benryl-|-methyigiyoxaline-5-carbosyiate 


Cook and Thomas : 


62-2; H, 52; N, 

diazomethane 10-6 g. in 25 ¢.c.) and when no more 
ous off More solid (0-15 ¢.) was obtained on evaporation of the filtrate 
(to 5 ¢.c.) and cooling to 0". but insoluble in ulkal, and crystallised 
161-163" (Found : C, 662; H, 59; N, 196. C,,H,gO,N, requires C, 63-7; 
56; N, 


éamino-2 i (1-6 and urea (67 were 
The solution was diluted with ice-water which solidified 
The fawn-coloured solid (1-4 ethancl, disso! 
solution (20 ¢.c.), and hew ; 
acid a dark gammy solid stirring and separa 
as an red solid (03). Phenyleanthine was ~ in im hydrous (1) 
(charcoal), and precipitated with acid. This was repeated until 
gelatinous sold melting indefinitely at ca. 360° (decomp (Found N,247. C,,H,ON, 
679: H, N, 
Ethyl (2 g.) amd urea (0-7 ¢.) were 
heated in pyridine (4 ¢.c.) under reflux for 4 hours. The solution was co and diluted with ice-water 
(100 ¢.c.); the precipitated oil solidified on stirring at 0-6". A solution of the solid in 5% sodium 
(90 cc.) was heated to 69°. Oa acidification of the hot somewhat discoloured solution with 
tal acetic acid a dark solid was precipitated which redissolved on rapid stirring, 8-benrylranthene 
After acidification of its solution in alkali, the 
bta as a reddish gelatinous solid darkened and softened above 300° (Found : 


N, 23-6. wires N, 23-1%) 
urea (0-5 g.) were heated in pyridine (2 ¢.c.) under reflux for 3 hours; ammonia was evolved 
the solution was kept at 0°, p 193-194", separated. More of the 4-areuio-derivative 
% sodium hydroxide (16 c.c.) and acidified ; 
m. p. 340° (Found: N. 232. C,,H.O.N, 
2- — Eth 4-amino-2-phen lyoxaline- -5-carbouyiate (22 ¢. 
teothioc yanate (1-5 g.) were hea in chioroform (80 c.c.) under reflax for 45 minutes 
rapidly dissolved and yellow c (1-4 g.) separated. More solid (1-3 g.) separated on 
the solvent in EF 4-N -acety 
methanol as octahedra, m. p. 225° (Found: C, 641; H, 48. C,,H,,O,N,S requires C, 
The (0-7 was suspended in 2x-h hydrochloric acid (20 c.c.) 
ethanol (10 ¢.c), and the solution heated under reflux for one hour. Ethyl 4-thioureido-2-phen 
(0-5 d on we ised trom ethanol 
as rods, m. p. 256° (Found: C, ‘03-4; H, #0; N, 193. 1,N,S requires C, 53-6; H, @8; N, 
193%). Dissolution of this ester in alkali, and Mellideakion of the hot entation, yielded 


Thanks are expressed to the it of Scientific and Industrial Research for a graat (to G. H. T.) 
and to Sir lan Heilbroa, D.S.O., F.R.S., for his interest and encouragement. 
Cottece or Sciunce anp 
S. Lonpow, S.W.7. [Recewed, March With, 1950.) 
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385. Studies in the Azole Series. Part XXX. New Syntheses of 
2- and 8-Aminopurines. 
By A. H. Coox and G. H. Tuomas. 


synthesise guanine derivatives from ethyl 4 lyoxaline-5-carboxylates 
descr more obvious routes proved unsuccessful, but 4 ready synthesis of dimethyl- 

was developed by cyclising 4-N’-methyithioureidoglyoxaline-5-carboxylates with 
methylamine in the presence of mercuric oxide. 8&-Methylaminopurines have been obtamed 
by treatmeat of 5-.V -methyithiouredo-4-aminopyrimidines with mercuric oxide. 


Tue extension of the syntheses of purines from azoles to include adenine and some of its 
derivatives has been described in an earlier paper in this series (Cook and Smith, Part XXIII, 
J., 1949, 3001). The present contribution describes some attempts to synthesise derivatives 
Such an undertaking envisaged the preliminary formation of 4 


carboxylates, from which the guanine derivatives might be obtained by cyclisation with 


x 
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ehmination of ethanol. The condensation of guanidine with the aminoglyoxalines seemed a 
_hkely route to such intermediates, but it was found that fusion of the two reactants resulted in 


only sluggish elimination of ammonia, even at temperatures at which the glyoxaline decomposed. 
Similar difficulty was found with the salts of S-alkylthioureas. Obviously, then, a method had 
to be developed for synthesising the guanidinoglyoxalines under milder conditions. 
Accordingly, attention was turned to the formation of the guanidino-portion of the purine 
by replacement of a methy!thio-substituent with ammonia. 2-Thio-8-phenyl-1-methylxanthine 
(I) (Cook, Heilbron, Davis, and Thomas, Part XIV, /., 1949, 1071) yielded 2-methyithio-8- 
phenyl-1 : 7-dimethylxanthine (II) on methylation with methyl sulphate in alkali, and the 
methylated compound was heated in ethanolic ammonia at 130° for 24 hours in an attempt to 
obtain §-phenyl-1 : but no methanethiol was eliminated and the purine was 
recovered unchanged. An obvious modification, therefore, was the use of an S-methyliso- 
thioureidoglyoxaline in the place of (I), since S-alkylisothioureas very readily react with ammonia 
yielding guanidines. Ethy! (III) 
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(VI) (VIE) 


afforded ethyl 4-N’S-di 


ammonia at 150° for 12 hours, 9 costhytthde-6-bonay!-b-anethryinanthine (V) being obtained. 
The stability of the methy!thio-substituent may perhaps be correlated with the aromatic nature 
of the purine ring system, though in view of similar failures in the pyrimidine series, a complex 
of factors may well be responsible (see, for example, Andrews, Anand, Todd, and Topham, /,, 
1949, 2491). 

The method eventually adopted was facilitated by a recent observation that N’-alkyl-N”’-p- 
chlorophenylg yrimidi could be obtained from the corresponding thioureas by 
treatment in ammoniacal solution with mercuric oxide, the thiol group being eliminated as the 
metal sulphide and replaced by an amino-group (Crowther, Curd, and Rose, J., 1948, 587). It 
was thought that by applying the same type of reaction to the thioureido-compound (III), a 
guanidinoglyoxaline would result which would afford 8-benzyl-l-methylguanine on cyclisation. 
Unfortunately it was not possible to use ammonia in this reaction, since, like aqueous sodium 
hydroxide, it immediately cyclised the thioureid pound to the ammonium salt of 2-thio-8- 
benzyl-1-methylxanthine (Part XIV, loc. cit.). Methylamine did not effect this rapid cyclisation 
and so, when ethy! 4-N’-methylthioureido-2-benzyiglyoxaline-5-carboxylate and mercuric oxide 
were gently heated in aqueous methylamine, mercuric sulphide was precipitated and acidification 
of the mother-liquor yielded 8-benzyl-1 : N*-dimethylguanine (VII; R — CH,Ph): cyclisation 
of the intermediate guanidinoglyoxaline (V1) evidently had occurred spontaneously. In a like 
manner, ethyl 4-N’-methy!thioureido-glyoxaline- and -2-phenylglyoxaline-5-carboxylate afforded 
1: N*dimethyl- (VII; R H) and 8-phenyl-1 : R = Pb) respect- 
ively. These dimethylguanines gave a characteristic colour reaction under murexide conditions : 


N 
of 
eth (IV) on treatment 
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oxidation in concentrated hydrochloric acid with potassium chlorate, and evaporation to dryness 
left a strong mauve stain which changed to red on moistening with 10% aqueous sodium 
hydroxide. 1: N*-Dimethylguanine, like guanine itself (Traube, Ber., 1900, 33, 1378), left a’ 
glazed yellow residue on evaporation with nitric acid which changed to a red-violet stain when 
moistened with alkali. 

The ability of mercuric oxide to remove hydrogen sulphide from a thioureid d has 
also provided a ready synthesis of 8-aminopurines. Jobns and Baumann (J. Biol. Chem., 1913, 
14, 387) found that, when 4: 5-diamino-6-hydroxy-2-methylthiopyrimidine (VIII) was fused 
with thiourea, §-amino-6-hydroxy-2-methylthiopurine (IX) was obtained instead of the expected 
6-hydroxy-8-mercapto-2-methyithiopurine (X); this unique case was caused by decomposition 
of thiourea to guanidine isothiocyanate before reaction occurred. The synthesis suggested a 
possible route to 8-aminopurines. 


on \ oct 


NS NHMe 
(VIII) (IX.) (X.) (Xl 


4: 5-Diamino-2 : 6-dihydroxypyrimidine (XI; RK =— OH, R’' = H) readily reacted with 
methyl isothiocyanate yielding the hemihydrate of 4-amino-5-N’-methylthioureido-2 : 6-di- 
hydroxypyrimidine (XI; R = OH, R’ « CS‘NHMe), which with mercuric oxide yielded 
the hemihydrate of &-methylamino-2: 6-dihydroxypurine (XII; R= OH). Similarly 
§-methylamino-6-hydroxy-2-methylthiopurine (XII; K =— SMe) was obtained from 4-amino- 
(XII; R — SMe; R’ « CS-NHMe). 
Both amino-purines were high-melting crystalline solids which gave a strong murexide colour on 
oxidation with potassium chlorate in hydrochloric acid. 


EXPERIMENTAL. 


2- Methylihvo phen T~dimethylvanthine solution of 2-thio-S-phenyl-1 : 7-dimethyl- 
xanthine (2 foc. 10% sodium hydroxide (10 c.c.) was shaken for 5 minutes with an 
excess of methyl sulphate (1 cc.) A ee solid separated which solidified on trituration with water 
at O°, as T-dimet visanthine (1-8 ¢.) crystallised from ethanol as colourless threads, 
m. p. 235" (Found 587; HL 192. requires C, 58-7; H, 49; N, 196%). The 
methylated purine was J heated at $30” in ethanolic ammonia for 24 hours. on acidification of the solution 
the starting material was isolated unchanged. The c ~~ ge was also unaffected by being heated in 
2n-hydrochloric acid or 20% sodium hydroxide under re 

2- (V) —A suspension of ethyl 4-N’-methylthioureido-2-benzyl- 

gtyoxaline-5-carboxylate (2 g_) in methanol (5 c.c.) was treated with excess of ethereal diazomethane in 
es until the yellow colour persisted after stirring; all the thioureido-compound had dissolved. 
evaporation to 5 ¢.c. and storage at 0°, a colourless solid (1:3 g.) separated which was collected and 
washed with light petroleum (b. p. 40-—- 0" : 5 ¢.c.) Ly filtrate and washi left a residual gum on 
evaporation in eacwe, which was taken up in ethanol (5 c.c.). More solid (0 g-) was precipitated on 
addition of light petroleum to the ethanol solution. Ethyl 4-N’S-dimethylisothioureido-2-benzyigiyoxaline- 
5-carborylate was obtained as a prisms, m. p. 124——125°, on repeated crystallisation from ethanol 
(Pound: C, 57-6; 5-9; N, 169. C,,H,O.N,S requires C. 57-8; 60; N, 17-2%). It (0-5 g.) was 
dissolved in ethanol (10 ¢ ¢.), liquid ammonia (3c c.) added, and the solution heated at 150° for 12 hours 
in a sealed tube; no methanethiol was detec ted and, on acidification of the alcohol solution, 2-methylthio- 
S-bemryl-l-methyleanthine (0-3 g.) was precipitated. The thiopurine was dissolved in hot pyridine and 
the solution diluted with hot water and cooled; it separated as smal! laths which soft at 290° and 
melted at ca. 340° (Pound: C, 58-5; H, 46. C,,H,,ON,S requires C, 58-7; H, 49%). The purine 
gave the murexide reaction on oxidation with potassium chlorate in hydrochloric acid 

Benryl-1 N*-dimethyiguanine (VII; R CH,Ph).-Ethyl 
glyoxaline-S-carboxylate (2 g.) was dissolved in cold "5% aqueous methylamine (150 c.c.). Mercuric 
oxide (2 g.) was then added ( spension began to darken even in the cold) and the solution was heated 
over a free flame with — astm until the colour had changed from red to black. Mercuric sulphide 
was filtered off while the solution was still hot and washed with hot water (1) c.c.). The com 
filtrate and washings were acidified with excess of glacial acetic acid with stirring; a gum recipitated 
which solidified in the presence of excess of acid. The solic (1-7 ¢.) was readily soluble in cold 2 2n-sodium 
hydroxide or concentrated hydrochioric acid, soluble in warm dilute hydrochloric acid, and moderately 
saluble in hot water. The crude material (1-5 g.) was heated in ethanol (150 c.c.) under reflux, the greater 
part dissolving to leave (0-15 g ) The ethanol solution was concen- 
trated (to 50 ¢.c.) and cooled to 0°, S-benzyi-1 NO dimethyiguanine (1-2 g.) separati The 
separated trom ethanol as email crystals which darkened at 285° and had m. p. 315° (Pow : C, 62-0; 
H, N, 26-1. C,,H,,ON, requires C, 62-4; H. 5-6: N, 260%). Oxidation with chlorate 
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.) (Pound : C, 46-4; H, 3-6 requires 48-2; H, 3-6%). 
N&dimethylguanine (V Ph).—Ethy! +n’ -methythioure:do-2-phen 
(150 c.c.) at SO”. After 15 minutes the colour of the suspended solid had c et ete, 
the ture then was raised to 80° and the mercuric sulphide filtered off w the solution was still 
= the solution was kept at 0°, long thin yellow threads of 8-phenyl-1 : N*-dimethylguanine 
guanine (0-4g.). The purine was purified by precipitation with acetic acid from its solution in aqueous 
obtained as colourless threads, m. p. 360° (Found : C,61-46; H,50; N.27-5. C,,HyON, 
:_N, 27-86%). It was insoluble in water and readily soluble in cold alkali or 
ium chiorate in concentrated hydrochloric acid, and e ation to 
which changed to red when moistened with sodium hyd solution. 
R = H).—-A solution of ethyl 4-N’- 


um chiorate in h 
“Ber, be left a 
red-violet stain 


from 4-amino-2 : Bey tion (Blitz and Sc it, Annalen, 
1923, oa) end'e reduction of the 5-n1troso-com 80 ( and Davidson, /. Amer. Chem. 
minimum quantity of 5% sodium hydroxide and the solution warmed with methy! ssothiocyanate for 
dshydroxypyrimidine (8-6 g¢) ated was sparingly soluble in water and was pur 
acidification of its solution as needles of the 
) oe ound: C, 320; H, 46; N, 31-2. C,H,O,N,5,4H,O requires C, 32-1; H, 45; N, 31-2%). The 
g.) at ®- until the colour had changed from r (ca. 30 minates). Mercuric sulphide 
off wh: bet on , the filtrate ve tlt (0 
The mercuric sulphide was extracted with hot 5% tum hydrox ; acidification of be civaiios 
acidification of its solution in was obtained as ree C308, Had 
dihydroxypurine hemibydrate (Found: C, 37-8; H, #2. requires C, 37 42%). 
The purine melted indefinitely above 360° and gave a strong reaction on oxida’ 
potassium chlorate in hydrochloric acid 
Methylamino-6-hydroxy- 2-methylthiopurine ( (XIL; R SMe).—4 : 5-Diamino-6-hydroxy-2-methy!- 
idine (5 g.) was enspended in pyridine (100 ¢.<.) at 70°, and sobut and a solution of methyl tsothiocyanate 
(2-6 g.) in pyridine was added with st exothermic and the 
rapidly dissolved giving, momentarily, a © solution from which the imidine (6 
requires C, 33-1; H, #7; N, 27-56%) 
stirred in water (50 c.c.) at 60° until the 
and the filtrate evaporated im vacuo until solid 
2 ne monohydrate separated as 


6-hydroxy- 

solution in aqueous sodium hydroxide, ae ity hy : C, 366; H, 6&2; N, 

30-2. C,H,ON,S,H,O requires C, 36-7; isation was 
boiling for 1 


ba on drying at 12 mm. over (Found : C, 37-5; H, 49; N, 32-2. 
38-2; H, 45; 31- The purine gave a strong murexide colour on 
oxidation with potassium chlorate in hydrochloric acid 
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flame with rapid swirling until the - ey solid became black. Mercuric sulphide was filtered off 

and the filtrate acidified with acetic acid; on cooling, | : N*-dimethylguanine separated. It was readily 

soluble in aqueous sodium hydroxide and could be obtained as needh ; 
of the alkaline solution with acetic acid and storage at 0° (Found : ( J 
46-9; H, 5-0; N, 30-1%); it gave the murexide reactic 

c acid. 1: N®Dimethyiguanine, like guanine itself (Traube, 
yellow residue on evaporation of a solution in nitric acid, which 
moistened with alkali 
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386. Studies in the Awle Series. Part XXXI. The Interaction 
of Amines and 2-Mercapto-4-alkylidene- or -arylidene-5-thiazolinones. 
By A. H. Coox, G. D. Huwrmr, and J. R. A. Pottoce. 


thiazolin-5-one and an amine a mixture of a thiazoline such as (III; R’ = 
thiohydantoin (¢.¢., XVII) former - 
idine-4-carboxyamides (¢.¢., IV: R’ = N from which the amides of substituted cysteines 
may be obtained 


Tue preparations of aminomercapto-acids from 2-mercaptothiazolines which were reported 
earlier in this series (J., 1948, 1337, 1060; 1949, 1437, 3007; see also Cook, Heilbron, and Shaw, 
CPS, 311) involved the use of concentrated hydrochloric acid, with or without reducing agents. 
it was expected that certain of the reactions then envisaged would not succeed under these 
conditions, and the fission of 2-mercapto-5-p-methoxyphenylthiazoline-4-carboxylic acid (I; 
K = p-MeO-C,H,, R’ « H) (Cook, Harris, Pollock, and Swan, J., in the press) proved to be of 
this kind 


The observation (Bentley, Catch, Cook, Heilbron, and Shaw, CPS, 267) that A*-thiazolines 
can be reduced to thiazolidines by amalgamated aluminium offered, however, a possible altern- 
ative approach. Exploratory attempts to reduce the methyl ester of (I; R — p-MeO-C,H,; 
R’ = H) in this way were unsuccessful, possibly because of the tendency of such 
to behave as the corresponding thiones (II), rather than as thiazolines. Methylation of the 
methyl ester which was expected to yield a true thiazoline gave oils of doubtful purity, and 


(11) 


attention was therefore directed to amides such as (III), which were expected to provide 
crystalline intermediates and to be of interest per se in leading to the hitherto unobtained 


amides of cysteine derivatives and thence of penicillins; the potential importance of the last 
series was recently demonstrated when benzylpenicillinamide was obtained from the antibiotic 
itself (Carpenter, /. Amer. Chem. Soc., 1948, 70, 2064). 

When (lil; R= Ph, R’ Me), ob- 
tained by the reaction of (VI; RK «= Ph, R’ = H) with ammonia followed by methylation, 
was treated with amaigamated aluminium, methanethiol was evolved, and 5-pheny!thiazolidine- 
4-carboxyamide (IV; R «= Ph, R’ « NH,) was produced. Thiazolidines of this type are 
dissociated in varying degrees into the constituent i ptans and formaldehyde in 
solution. Thus Ratner and Clark (sdbid., 1937, 58, 200) showed that tre treatment of thiazolidine- 
4-carboxylic acid (IV; R = H, R’ « OH) with benzyl chloride or mercuric chloride gave 
good yields of cysteine derivatives, though distillation of solutions of the thiazolidine in dilute 
hydrochloric acid removed formaldehyde only slowly. Similarly, with (IV; R = Ph, 
R’ «» NH,) no formaldehyde could be detected in the distillate from dilute hydrochloric acid 
solution, but the mercaptide precipitated by mercuric chloride gave a good yield of 1-amino-2- 
mercapto-2-phenylpropionamide hydrochloride (V). 


H<CO-NH, 
H 


NH, HC) (Vv. 
‘ef, 


2-Mercapto-4-p-methoxybenzylidene-5-thiazolinone (VI; RK «= p-MeO-C,H,, R’ = H) and 
ammonia gave a mixture from which the two diastereorsomerides of 2-mercapto-5-p-methoxy- 
phenylthiazoline-4-carboxyamide (IIL; K p-MeO-C,H,, R’ = H) were isolated. One of 
these was reduced, through its 2-methylthio-derivative (II1; R = p-MeO-C,H,, R’ = Me), 
to 5-p-methoxyphenyithiazolidine-4-carboxyamide (IV; R = p-MeO-C,H,, R’ = NH,). An 
attempt to convert the latter product into the corresponding carboxylic acid by means of 
nitrous acid gave a neutral product which contained one oxygen atom more than the 
compound and was tentatively formulated as the S-oxide (VII). The acid (IV; R = p- 
MeO-C,H,, R’ — OH) was subsequently obtained from the acid (I; R =< p-MeO-C,H,, 
R’ = H) (Cook, Harris, Pollock, and Swan, loc. cit.) 


avy 
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A preparation of 2-mercapto-5-p-hydroxyphenyithiazoline-4-carboxylic acid (1; R = p- 
HO-C,H, R’ H) has already been reported (idem, sbid.) and an alternative route to this 
compound was derived from the interaction of 2-mercapto-4-p-acetoxybenzylidene-5-thiaz- 
olinone (VI; R= p-AcO-C,H, R’ =H) with ammonia. This reaction was, however, 
distinguished from others between similar compounds by the elimination of hydrogen sulphide, 
two products being obtained: one of these, 2-thio-5-p-hydroxybenzylidenehydantoin (VIII; 
R = p-HO-C,H,), was also prepared (a4) from ammonia and 2-methylthio-4-p-acetoxybenzy!- 


Gr’ re 4 
(V1) (VIL) (VIII) 


idene-5-thiazolinone (VI; R = p-AcO-C,H,, R’ = Me), and (6) from ammonia and an acetyl 
derivative prepared from p-hydroxybenzaldehyde, potassium thiocyanate, and acetic anhydride ; 
the remainder of the reaction product appeared to be a mixture, from which one of the diastereo- 
isomeric forms of 2-mercapto-5-p-hydroxypheny!- -2-thiazoline-4-carboxyamide (il; Re 


The formation of 2-thiohydantoins as above from 2-mercapto-5-thiazolinones parallels their 
occurrence as the sole reaction products of amines with 2-benzylthio-5-thiazolinones (Cook, 
Harris, Heilbron, and Shaw, loc. cit.), and is now, indeed, known to be not unusual with such 
merc ds. Thus 2-mercapto-4-(2-furfurylidene)-5-thiazolinone (VI; R = C,H,O, 
R’ = H) with ammonia gave a mixture of 2-thio-5-(2-furfurylidene)hydantoin (VIII; 
R = C,H,O) with (III1; R = = C,H,O, R’ = H). 
The thiohydantoin was characterized as its 2-methylthio-derivative and identified by com- 
parison with specimens prepared (a) by the reaction of furfuraldehyde, potassium thiocyanate, 
and acetic anhydride, and (b) by treating 2-methyithio-4-(3-furfurylidene)-5-thiasolinone (VI; 
R = C,H,O, R’ = Me) with ammonia. Only one diast ide of the amide (III; 
R = C,H,O, R’ = H) appeared to be present, ‘cna this was characterized as its 2-methylthio- 


x) 


derivative, which was reduced to _5-(2-furyl)thiazolidine-4-carboxyamide (Iv; 

R’ = NH,). Neither the furfuryl nor 2- -mercapto-4-p- 
thiazolinone (VI; R = p-NO,C,H,, R’ = H) gave satisfactory products under the now 
familiar ring-turning conditions in the presence of sodium methoxide or sodium hydroxide, 
and pure material was not isolated by treatment of the thiazolinones in alcoholic triethylamine 
with hydrogen sulphide. The p-nitrobenzylidenethiazoli which was characterized as its 
2-methylthio-derivative, reacted with ammonia to yield a thiohydantoin exclusively, but the 
hydrogen sulphide liberated in the reaction appeared to cause reduction of the nitro-group ; 
the major product, however, remains unidentified as, despite analytical indications, its pro- 
perties did not agree with those of 5-p-aminobenzylidene-2-thiohydantoin given by Namjoshi 
and Dutt (J. Indian Chem. Soc., 1931, 8, 241). 2-Mercapto-4-p-dimethylaminobenzylidene- 
5-thiazolinone (VI; R = = p-NMe,C,H, R’ = H) yielded the corresponding thiohydantoin 
(VIII; R = p-NMe,-C,H,) in ammonia, but on treatment with hydrogen sulphide in methanolic 
triethylamine it gave triethylammonium 

As the first step in the attempted synthesis of penicillamine amide 
propylidene-5-thiazolinone (XI) was treated with ammonia, giving 
: &-dimethyithiazoline-4-carboxyamide (XII; R = H) and thence the methy!- 
thio-derivative (XI1; R= Me). The last compound was remarkable in yielding a small 
quantity only of methanethiol on reduction with amalgamated aluminium, and the main 
Its crystalline form, solubility and melting 


sulphur ide were . In attempts to 
prepare compounds similar to the thiazoline (XII; R = H), the thiazolinone (XI) was treated 


and the corresponding acid, identical with material prepared otherwise (Cook, Harris, Pollock, 
(XL) 
point were different, and it is tentatively formulated as 2-thio-3 : 5 : 5-trimethyithiazolidone- 
4-carboxyamide (XIII). Attempts to reduce (XII; K = H) directly to the thiazolidine with 
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with dimethylamine: a novel reaction occurred, leading to a basic compound, 2-dimethyl- 
amino-5 (XIV). 
Me o——CH-CO-N = CON CO-NMe, 
4 
CSR C-NMe, 
(X11) (X11) (XIV) 

This formed a water-soluble methiodide which also was not reduced to a thiazolidine 
by amalgamated aluminium. No analogue of the thiazoline (XII; R = H) could be obtained 
from 2-mercapto-4-cyclopentylidene-5-thiazolinone, for, with ammonia, this compound gave 
2-thio-5-cyclopentylidenehydantoin. 

limited in scope, for 2-mercapto-4-isobutylidene-5-thiazolinone (VI; R= Pr’, R’ = H) with 
ammonia or dimethylamine gave 2- 5-tsopropylthiazoline-4-carboxyamide (III; 
R= Pr’, R’ « H) (XV; R = Me, R’ = Pr’). Similarly, 2-mercapto- 
4-benzylidene-5-thiazolinone (VI; K — Ph, R’ = H) with dimethylamine gave 2-mercapto- 
5-phenyithiazoline-4-carboxydimethylamide (XV; R =— Me, R’ = Ph), and again no basic 
product was obtained; with methylamine, the same benzylidenethi a een oe 
products, one of which was 2-thio-3-methyl-5-benzylidenehydantoin (XVI; R =< Me), the 


co 
© <n 
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other being the methylamide (XV, K =— H, R’ = Ph). Again, from the reaction between 
the benzylidenethiazolinone and aniline, two isomeric compounds were isolated : one of these 
was the known 2-thio-3-phenyl-5-benzylidenehydantoin (XVI; R= Ph), and the other 
showed ultra-violet absorption indicating it to be probably the stereoisomeride thereof. 2- 
Thio-3-pheny!-5-1sobutylidenehydantoin was isolated from the reaction between 2-mercapto- 
4-isobutylidene-5-thiazolinone (VI; R= Pr’, R’ = H) and aniline; one form only was 
detected, as also from 2-thio-3-phenyl-5-p-nitrobenzylidenehydantoin, obtained in a similar 
way from the corresponding thiazolinone (VI; R «— ~-NO,°C,H,, R’ = H). 

2-Mercapto-4-p-methoxybenzylidene-5-thiazolinone (VI; R = p-Me-OC,H,, R’ = H) with 
methanolic pyridine or 2-am.nopyridine slowly afforded methyl! 2-thio-5-p-methoxyphenyl- 
thiazolidine-4-carboxylate R p-MeO-C,H,). In a similar fashion methyl 2-thio-5- 
phenyl. (Il; R « Ph), -5-(2-furyl)- (11; R= C,H,O) and -5-p-nitrophenyl-thiazolidine-4- 
carboxylate (Il; RK « p-NOyC,H,) were prepared. For the last two compounds, this method 
is the only one at present available, and it appears to offer a convenient route to several other- 
wise inaccessible aminomercapto-acids. 

The reaction between 2-mercapto-4-benzylidene-5-thiazolinone (VI: RK = Ph, R’ = H) 
and hydrazine gave a high-melting yellow compound of the empirical formula C,,H,ON,S, 
which was characterized as its monomethy! derivative and may be 3-mercapto-6-keto-5- 
benzylidene-1 2: 5: 6-tetrahydro-1 2: 4-triazine (XVII) 


EXPERIMENTAL. 


1 Hydrochloride. —2-Merca pto- 5- phenyithiazoline - 4-carb- 
oxyamide (10 g.) (Chatterjee, Cook, Heilbron, Levy, J., 1948, 1337) in 2n-aqueous sodium hydroxide 
(26 cc.) was treated with methyl sulphate (5-6 g) and kept at 0° for 12 hours. 2-Methyithio-5- 
phenyithiasohne-4-carboryamide (6 g.), which separated, crystallized from aqueous methanol as hexagonal 

tes, m. p. 93° (Found: C, 51-9; H,&1. C,,H,,ON,S, requires C, 52-4; H,5-1%). Clean aluminium 

1 (6 was amalgamated in 3% mercuric “chloride for 10 minutes and washed with water 
and methanol, To it was added a ution of the 2-methylthio-derivative (3 g.) in ethanol (100 c.c.), 
methanethiol being evolved. When reaction was complete, the liquid was boiled and filtered hot, and 
the alumina washed with boiling ethanol (50 c.c.) filtrate and washings were evaporated to 50 
and kept at O° until separation of (1 g.) was com It 
separated from water as colourless rods, m. p. 160° (Found: N, 13-1. C,.H,,ON,S requires N, 13 5%). 
It was soluble in hot 2n-hydrochloric acid, the Aydrochioride separatin on ‘Cocling as short colourless 
needles, m. p. 223-224" (decomp.) (Found: C, 489; H, 57. C rota N,S.HCI requires C, 49-1; H, 
5-4%). A hot solution of the thiazolidine (150 ) in water (15 ¢.c as poured into hot 5% aqueous 
mercuric chloride (20 ¢ ¢.). a copious white curd separating and dew hyde being evolved. The 
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cen eth ti end tho pest 


methanol-ether 

In aqueous sodium hydrogen carbona: the compound gave a transient 

wath 2- Mercapto-4-p-methoxybensylidencthiazolin-5-one.—A solution of the 
thiazolinone (18 g.) in aqueous ammonia (50 cc.) (d 0-880) was heated on a steam-bath for 5 minutes, 
diluted with water (100 c.c.), and acidified after | hour with concentrated hydrochloric acid. The pale 
2 boiling water (1 1.), 
pale yellow plates of a-2 
175° (Found: C, 494; H, 44. C, ryan bo requires C, 4903; H, 45 

(Found the amide recrystall glacial acetic acid as 
decomp.) (Found : C, 40-4; H, 47%). 

ryamide.—A solution of the above e-form (8 g.) in 
(10 ce.) one dated to ce with crushed ice, treated with methyl sulphate (3- 
kept at 0° for 12 hours. 2-Methyithio-5-p-methoryphenylthiazoline-4-carboxyamide 
p. 90° (Pound: C, 5146; H, 60. 


aluminium (4 g.) to give (0-8 g.), which 
eee see rods (from wath. te. p. 180° (Found: C, 54-7; H, 66. C,,H,,O,N,S requires C, 


Achon 4-carbory de.—-To a solution of the 
(0-14 g.) in water (5 c.c.). ion was tralized with sodium 
Ithiazolids l-onide (0-3 g.) separating. The 

ore rystallized from aqueous methanol in short needles, m. p. 198° (Found : C, 51-8; H, 56. 
Cy 520; H, 5-6%). 

2-Merca 
of 2-mercapto-4-p-acetoxybenzylidene-5-thiazolinone (10 

was heated on the steam-bath for 1 hour and cooled to 0 

at 150° and melted at 308° 


acetic acid, a voluminous precipitate 
eee ted from hot water as ye 
md: C, 624 0; N, 121. Cale. for C,,H,0, 


nosdice, 
N,S,0-5 52-1; 
and Robson (Biochem. J. 1935, 29, 542) give m.” 


2-Thi 
~potassium bydroxide oe and shaken with methyl sulphate 


isdene- ade separated from a 
m. p. (Found : 6; H C,,H,,O,NS, requires 
A suspension of this com bum c.c.) 

for | hour, while was After the mixture had been cooled 


mixture was hea 
solid uid @T ahs g-). when warmed with conc 
tat and 


with concentrated bh 
solidified to a yellow powder (10-5 170-172". 2- 
amide from water 174-198" C H, 3-6. C,H,ON 


2-furfurylidene)-5- 


separated from in the way wath bair-hke thane (Pound: C, 474; 
Sens N, 60. C,H,O,NS, requires C, 48-0. H, 31; N, 62%). When with aqueous ammonia 


1805 
st immediately | 

8°, of a 
H, 41; N, 122%). 
material. 
rochloric acid, giving 

an oil. After 18 hours at 0° the ucous layer was decanted and the residue triturated with a 

little ethy! acetate, one tsomeride ‘of 2 (21 

m. p. 234°, remaining insoluble. This ethanol-light gre 60-80") as 

colourless rhombohedra, 234° (Found: C, 47-9; H, 42; N, 10 requires C, 

47-3; H, 40; N, 11-0%). amide was hydrolysed to the corresponding acid (Cook, is, Pollock, 

Preparations of 2-Thio-s-p-» 

ations of 2-Thi 

thiazolinone (1 g.) was dissolved in 0-6n 

(0-6 g.), 2-met 

little methanol 

Cc, 53:3; H, 3-4 

was heated at 

0° for 2 hours, 

acid, and recrystallized from water 307—308". 

(6) Glycine (1-6 g.), potassium ~~ (3-5 g.), and acetic 
anhydride (10 c.c.) reacted violent] ted for 1 hour, cooled, and 
triturated with water. The yellow ntrated aqueous ammonia, 
gave the scarlet material above, ha P 303-05" (dec ). 

added toa tion of redistilled furfuraldehyde (18 g.) and 2-mercapto-5-th: one (25 g.) in boiling 
glacial acetic acid (200 c.c.). After 2 hours, ee ee ee (28 g.) was 
removed, and a further 2 g. were obtained by dilution of the ‘liquor with water (1 1). The 
ier crystallized from glacial acetic acid as golden plates, m. p. 186° (Found: C, 455; H, 2-6. 
Tekety cus hunted atten’ ; H, 2-4%). A solution of the thiazolinone (15 g.) in aqueous ammonia 

0-880) was heated at 100° during I hour and kept at 0° for lhour. 2-Thio-4-(2-furfu )hydantoin 

(35 was recrystallized from glacial acetic acid and then from water, forming 

m. p. 250° (Found: C, 496; H, 31; N, 143. Cale. reg + C, 4056; H, B11; N, 144%). 

Deulofeu (Anal. Asoc. Quim. Argentina, 1932, 20, 190; Z. physiol. Chem., 1932, 204, 214) gives => 
250-—-251°. The compound gave a bright green colour in warm concentrated sulphuric acid 


this methylthio-derivative (3 g.) gave 2-thio- 
formed yellow needies, 


Furfuraldehyde (3 g 

were heated at give desk oil which on 
thiohydantoin (1-4 Keerystallization from water gave yellow 
the material, 250°. 

(2 Fury) carboryamide —2- 
dissolved in in-potassium 0-5 hour 
an oil separating. The mixture was kep 
aqueous methanol as yellow plates, m. p. 103° (Found: C, 20 C,H,.ON,S, requires 
C, 446; H, 41%) he methylthso-cerivative (5 g.) in methanol (300 «. c.) was added to amalgamated 
Methanethio!l was evolved and, after refluxing of the 


; the product (25 g.), m. p. 107°, separated slowly. 5(2-F 
formed long colourless rods, m. p. 108", trom hot ethanol (Found: C, 484; H, 51. 


no-bemrylidene- 
Pp (10 g.) were condensed 
lacial acetic acid { mt containing otine (O1 c.c.) to give 2-mercapto-4-p- 
S-thrasolmone (15-6 g.), which rec 
.) (Pound: C, 450; H, 16; H, 107. 
Methylation in the usual with 
which formed short needies, m. p. 215°, from acetic acid (Found: C, 
ai H, 2-0%). lidene-5- 


Cy HONS, requires C, Mercapto-4-p-ni 

(2 ¢.), in aqueous ammonia (d 0-880) (15 c.c.) was heated at 100° for 05 — erry 
N, 188 requires € H, #1; N, Dutt (J. Indian Chem. 
See., 1931, §, 241) state that 2-thio-4-p-aminobenzylidenehydantoin, pr by the bydrolysis of its 
dhacety| derivative, forms yellow having no m. p. below 265”. purple material was soluble 
in concentrated hydrochioric acid, on neutralization, unchanged starting maternal was recovered. 

f-Dimethylaminobenzaldehyde (10 g.), condensed with (8 g.) in boiling 

jal acetic acid (100 ¢.c.), gave, after dilution with water (700 c.c.), 2-mercapto-4-p-dimethylamino- 

vitdene-6-thiarolinome (12-6 g ) which ted from acetic acid as rectangular red plates, m. p. 
208° (Found: C, 647, H, 43. C,,H,,O NS, requires C, 546; H, 43%). The compound was 
mluble in concentrated hydrochloric acid to give a pale yellow solution, and was recovered, unc et 
on dilating the solution. The thiazoli ut ge g.) was dissolved in aqueous ammonia (d 0-88) (20 c 
and heated at 100° for 2 hours ~The ‘ood. mass was chromatographed in ethy! acetate on cabot 
alumina, and the red band eluted with ethy! acetate Ev ~~ ~ left 2-thio~4-p-dimethylamino- 
benzylidenehydantoin, m. p. 258". The ¢ as glistening red needies, m. p. 261° 
(decomp.) (Found: N, 164. Cale. for C 17-0%). Namjoshi and Dutt (doc. eit.) 
give m. p. 262°. Hydrogen sulphide was passed for 24 hours through a suspension of the thiazolinone 
im methanol (100 ¢.c.) containing the uct (3 g.) having m. p. 130-132". 

Trvethylammonium 2-mercapto-5-p-dimethyla’ § separated from 

methanol as m. p. 133° (decomp.) (Found : C, 40; H,73; N, 10-9. C,,HYON,S, 


10-5 
~~Anhydrous zinc chloride (20 g.) and 2-merca 
thiazolinone (20 were heated in acetone (130 c.c. J under for houre The bright green solution 
was kept at 0° for 4 hours, to give 2-mercapto-4- none 16 g.) as bright yellow 
needles, m. p. and mixed m. p. with authentic ma At ome 
was obtained by diluting the filtrate with water (130 c.c.). 
2-Mercapio-5 4-ssopropylicene-5-thiazolinone (15 
«) was dissolved in aqueous ammonia (d 0-88) (100 c.c.), and after 0-5 hour at 100° the solution was 
cooled and acidified. On stirring, the oil gave the carboryamide as a white powder (15-6 g.), which 
from ethy! acetate-light m (b. p. 40-60") as small colourless 
146" (Found: C, 383; H, &4; N, 166. C requires C, 37-9; H, , 
Met vy! sulphate (7 c.c.) was added to a solution the 2-mercaptothiazoline (12 g.) in »- potessiem 
c.c.), whereupon the product (9 g.) separated. 2-Methyithio5 5-dimethylthiazoline- 
parated from wr petroleum (b. p. 40--60°) as sparkling rhombic plates, 
m 206 (Few N, 133. C,H,,ON,S, requires N, 13-79). The methylthio<lertvative (1-4 g.) in 
mp 208 (Mee ) was added to amalgamated aluminium foul (from 0-5 g.). After the initial reaction, 
the methanolic solution was boiled under reflux for 10 minutes and filtered hot. The alumina was 
extracted with boiling methanol (2 x 20 c.c.), and the combined filtrates and washings were evaporated 
to 20 ¢.c. and kept at 0° for 24 hours. ¢ rude 2-thso-3 5: S-tremethylthiazolidone-4-carboxyamide (0-5 g.) 
had m 1s 200", w essed on admixture with starting material. Recrystallized from water, 
it for long colourless m. p. 200° (Found: C, 41-4; H, N, 13-4. C,H,,O0 requires C, 
41-2, HL 59, N, 13-7%). The starting material dissolved in water only on prok 
thiol being evolved bat no crystalline material separating on ae 
Reaction of 2- with Dimethylamine. (With E. Freperix- 
ot 100", and cooled pe 185° (decomp.), was removed. It was insoluble 
from ethanol, 2-dimethylamino-5  5-dimethyil- 


in alkali and readily soluble in acid and was 


1896 Cook, Hunter, and Pollock : 
in the same way as the p-acetoxybensylidene compound, 
4-(2-turturylidene)/bydantotn (1-2 g.) which, on rec 
m. p. and mixed m. p. with the previous material, ¥ 
—— hydroxide, 4 potassium salt separating. Methyl sulphate (0-6 g.) was added, and, after 
hour's shaking, the 2-methylihso-derivative eee) was collected and recrystallized from aqueous 
methanol as short yellow needics, m. p. 220" (Fou C, 61-46; H, 37. CHOWN, requires C, 51-9; 
@uxture, the alumina was filters ff and fhitrates and washings were rated to 30 
cc. and 
),N 
P Prepar 
4 
m botlng « 
wate obenry iid 
m. p. 220 
N, 056% 
compound 
: 


Studies in the Azole Series. Part XXXI. 


roorydameth yl. Cc, & 
c requires 524; H. 03%). 


2-mercapto-4-cyclepent thiazolhinone 
k, lee (5 ¢.c.) was heated at 100° for 0-5 hour. 
thichydantown was from acetic acid, forming colourless gre m. p. 252° ( 
(Found : C, 52-2; H, 5-6; N, 150. C,H,.ON,S requires C, 52-7; H, 56; N, 16-4 
Reactions with The Bulamorsa and 
Cook, J 1949, 2323) in aqueous ammonia (d 0-880) (20 c.c.) was heated at 100" for 1 hour and then 
kept at room temperature for 18 hours. 2-Mere : me. 
formed colourless plates, m. p. 131", water (Found: C, 41-5; H, 50; N 
requires C, 41-2; H, 59;.N, 37%). The original thiazolinone was warmed in 30° 
(30 0.0.) bane, and the solution cooled and acidified with hydrochloric ac The coreapond 
COS, recrystallized from hot water as colourless pilates, m. p. (Fou 
463; H, 69. C,H, 2, requires C, 466; H, 740%). A solution of 2-mercapto-4-isebutylidene- 
5-thiazolinone (2-0 g.) and aniline (1-0 g.) in methanol (30 c.c. ) was re@uxed for 24 hours. The colourless 
hydrochloric acid and dissolved in acetone (10 ¢.c.). 
(Found: C, 63-1; H, 58. C,,H,ON,S requires 
4 57%) 
Reactions —-The thiazolinone (2 40% aqueous 
dimethylamine (10 c.c.) was heated at 100° for 0-5 hour, cooled, diluted with water (10 c.c.), and fi 
The sticky residue was extracted with boiling methanol (20 c.c.), the mixture cooled to 0” for 1 hour, 
and the product (0-7 g.). m. p. 190°, filtered off. 2- eee ge eg recrystallised 
from acetic acid as yellow nondiea, m. p. 397 (Found: C, 607; H, 43; N, 130. Cale. for 
C,,Hy,ON,S: C, 6; H, 46; N, 12 he filtrate from the reaction mixture was acidified with 
hydrochloric scid, and the product c lized from aqueous methanol as brown needles (0-4 g.), m. p. 
165°, of the methylamide which contained a small amount of the hydantoin as ——-. 
-§-thiazolinone (2 g.) was heated at 100° in 30% aqueous dimethy 
(10 c.c.) for ©5 hour. The dark oi) was extracted with chioroform (20 c.c.) and the oy 
extracted with chloroform (20 c.c.) and acidified with 2x-hydrochloric acid to give a sticky ow 
which was rubbed with methanol to give 
the last recrystallized from aqueous methanol as colourless needles, m. p. 191—192° (Found ; 
H, 64. C,,H,,ON,S, requires C, 641; H, 53%). chloroform extracts were 
to leave an oil which was stirred with 2~x-hydrochloric acid to a further er ee the Ginethyt- 
amide (0-9 g.), m. p. and mixed m. p. 191". 2 Mercapto-4.b idenethiazolin- (3-0 ¢.) and 
aniline (10 c.c.) were heated at 100° for 0-5 hour, and the mixture cooled to 0° and treated with 
2n-hydrochioric acid. The y oil gave, on trituration with methanol (10 c.c.), a pale yellow solid, 
from acid as tod 


+ toin (1-2 g.); this separated nd 
H. 43: Ne Caic. for C, 68-6; N, Gn : 
ap. = and 1990 

The acetic acid filtrate was diluted with water (89 c <) to give the cis-isomer, which recrystallized 
160° ( C, 68-3; H, 48; N, 105%), Anes (in 
methanol) 228, 249, 280, and 370 mp., ElS, — 630, 500, 530, and 800 respectively. 

The trens-isomes (1-0 g.) in 10% sodium hydroxide solution (30 ¢.c.) was treated with methyl! 

iphate; the resultant 2-meth (1-0 g.) recrystallized from methanol as 
prisms, m p 151° (Found H, 49; N,@4. Cale. for C,,H,,ON,S C, 68-4; Has 6%) 

Reaction between Aniline Merca The 
(3-5 g.) was heated with aniline (10 c.c.) at 100° for 1 hour, and the mixture cooled to 0* and treated 


from aq 
(Found: C, 87-7; ary N, 12-4. 7-5; mys: N, 
). 
eactions with 2-Ami and _—-2-Merc idene- 
4040"). from 


The pound veous 
(Found: 526. H. 44. 55. C,.H,.0,NS, 


orig: (0-6 c.c.), heated in refluxing methanol (10 c.c.) for 
12 hours, acidified with acetic ac pista aro 
trom aqueous . terial described above. 


(1-4 g.) in reflu methanol 
which ender 


(b. p. 40-00") (Cook, Harris, 
hidene (2-5 g.) and 2-aminopyridime (1-5 
on repeated 
7, H, N, 68. C,H,O,NS, requires 


1950) 1897 
; H, 84, 
acetone, 
p. 
| 
| 
25 c.c.) was heated for 12 hours and worked up in the same way, to give 
oxylat 
form 
2- 
ang 


1888 Cook and Pollock : 


A solution of Seamount nitrobenzylidene-5-thiazolinone (5-2 g.) and 2- ne (1-8 g.) 

under methanol. Methyl 2-thto-5-p- 
from ethanol as pale yellow rods, m. p. 148-—149" (Fou 


H. 34; N, thinsolidine (296). 
(10-6 ¢.c.) with methyl! sal yielded a clear solution which, on 
the resultant id under methanol, yielded 
goides cubes, m. p. 167° (Found: C, 44-6; 37 92. requires C, 443; H, 3-4; N, 

4 
thiazolinone (1-6 g.) and hydrazine hydrate (2 c.c.) were heated together in methanol (10 c.c.) under 
_b Iphide being evolved. The solution was diluted with ice, which 

id (A). This crystallized under 2~-hydrochioric acid to give the triazine (0-2 g.), 
was recrystallized from acetic acid as yellow rods, m. p. 251°. The hydrochloric acid filtrate 
gave  emall precipitate, m. p. > 300°, on neutralization with sodium hydrogen carbonate. The original 
solution wo. a0, from solid A) was kept at room temperature for 48 hours, while further 
material alone and mixed with the y-obtained material, separated (Found 
C, 48; 4. CeHAON,S requires C, 54-8; H, 41%). Methylation in “yd solution gave the 


3 meth vative, van owe methanol as yellow rods or prisms, m. 

227° C, 5646; 49 ree requires C, 56-7; H, 43%). 
the Department of Scientific and Industrial Research for Maintenance Grants (to G. D. H. 

ak R. A. P.) and Sir lan Heilbron, D.S.O., F.R.S., for his continued interest and encouragement. 


Cottece or anp 
S. Lowvon, 5.W.7. (Received, March 1950.) 


387. Studies in the Azole Series. Part XXXII. Syntheses of 
Peptides of Substituted Cysteines. 
By A. H. Coox and J. R. A. Poxtocx. 


derivatives thereof, to give 5-substituted 2-merca: 

their derivatives (Vi). The peptide derivatives can be degraded tory yield to 
5-substituted thiazolidine-4-carboxylic acid peptide derivatives, ¢.g., (X), which can be split 
to give formaldehyde and peptides of substituted cysteines. 


Amines have been shown (see Parts VII, XXIV, and XXXI, J., 1948, 1337; 1949, 3007; 1950, 
1892) to react with 2-mercapto-4-alkylidene- and -arylidene-5-thiazolinones (I) (2-thio-4-alkyl- 
idene- and -arylidene-5-thiazolidones) to afford 2-mercapto-5-alkyl- and -5-ary!-thiazoline-4- 
carboxyamides (11), which may be regarded as derivatives of substituted cysteine amides, to 
which they can in fact be degraded. The present paper deals with a similar sequence of reactions 
which follow the combination of amino-acids or their derivatives and the thiazolinones (I). The 


(a) 


primary reaction may be compared with that occurring between the azlactones (III) and amino- 
acids, which has been studied by Bergmann ¢f al. (Annaien, 1926, 449, 277; 1927, 468, 40; 
J. Biol, Chem., 1938, 124, 321; 1939, 129, 587), who have thus obtained the dehydropeptides (IV) 
In the case of the thiazolinones, the intermediate comparable with (IV) is the dithiocarbamic 
acid (V), which appears to cyclise to the 2-mercapto-thiazoline system as in (VI). 


NH-COR’ H-CS\H 
\4 
av) (VI) 


Glycine ethy! ester reacted smoothly with 2-mercapto-4-benzylidene-5-thiazolinone (I; 
R = Ph) to yield a mixture from which ethy! 2-mercapto-5-phenyl-A*-thiazoline-4-carboxy- 
amidoacetate (VI; R= Ph, R’ = H, R” = Et) could be isolated, though in poor yield. 
Analogy with the reaction between (1; R = Ph) and methylamine (Part XXXI, loc. cit.) 


| v4 


[1950) Studies in the Azole Series, Part XXXII. 1899 
suggested that ethyl 2-thio-5-benzylidenehydantoin-3-acetate (VII; R = OEt, R’ = H) might 


have arisen as a by-product from this reaction, and this compound was isolated from 
the methylated reaction mixture as its S-methy! derivative (VII; R =< OEt, R’ = Me). This 


Pa H CO-NH-CHyCO-NH, 


(VIL) (VIIL) (TR) 


derivative was identical with a sample prepared by methylating the thiohydantoin prepared 
from 2-methylthio-4-benzylidene-5-thiazolinone (VIII) and glycine ester. The reaction between 
aminoacetamide and (1; RK = Ph) took a similar course, the chief product being 2-thio-5- 
benzylidenehydantoin-3-acetamide (VII; R = NH,, R’ = H), which was characterized as its 
S-methy! derivative, while 2-mercapto-5-phenylthiazoline-4-carboxyamid tamide (IX) was 
also produced, in small yield. 

The occurrence of a mixture of compounds in this way could be avoided, it was found, by 
using as ring-opening agent the amino-acid rather than amino-acid derivatives. When one 
equivalent each of the sodium salt of glycine and (I; R «— Ph) were heated together in water, a 
materia! was obtained which appeared to consist of a mixture from which one of the two possible 
stereoisomeric forms of the acid (VI; R = Ph, R’ = H, R” — H) wasisolated. The presence 
of the second form was proved by degradation of the crude mixture by treatment of the oily 
methylation product with amalgamated aluminium. By this means methanethiol was elimin- 
ated (cf. Cook, Hunter, and Pollock, Part XXXI, loc. cit.) and the product was separable into 
the two stereoisomeric forms of methyl 5-phenylthiazolidine-4-carboxyamidoacetate (X; R «= 
Ph, R’ = H). A better overall yield resulted from the use of a 50% excess of glycine sodium 
salt, an apparently pure intermediate (VI; R =< Ph, R’ « H, R” « H) being isolated which 
gave one form only of the thiazolidine (X; R = Ph, R' =H). The acid (VI; R = Ph, R’ = 
H, R” = H) was treated with ethanolic hydrogen chloride in an attempt to prepare the ethyl 
ester (VI; R = Ph, R’ = H, R” = Et), one isomeride of which had already been isolated. 
However, the product had the empirical formula C,,H,,O,N,5 and it was perhaps ethy! 
5-a-mercaptobenzylhydantoin-3-acetate (XI). 


xr) 


The thiazolidine (X; R = Ph, R’ = H) recalls the amide (I1; KR = Ph, R’ = H), which 
has been converted into §-phenylcysteineamide (Cook, Hunter, and Pollock, loc cif.); in 
the same manner, treatment of the new peptide with mercuric chloride caused fission of the 
thiazolidine ring, yielding formaldehyde and a mercaptide, which was decomposed to yield 
mercapto-8-phenylpropionyl)glycine methyl ester hydrochloride (XII) in 


tha 2-mercapto-A*-thiazolines and the i 
thiazolidines complicates the extension of these reactions. The general reaction involving any 
a-amino-acid and any alkylidene- or arylidene-thiazolinone must lead to a 2-mercaptothiazoline 
(VI) containing 3 asymmetric carbon atoms, and thus capable of yielding four optically 
inactive forms. In a preliminary investigation we therefore used 2-mercapto-4-iso- 
propylidene-5-thiazolinone (XIII), the rearrangement products of which possessed only two 
asymmetric centres. 2-Mercapto-5 : 5-dimethylthiazoline-4-carboxyamidoacetic acid (XIV; 
R = H) was readily prepared by reaction of (XIII) with glycine. p1-Alanine rapidly gave a 
mixture of two compounds which were readily separated, although only one isomeride (XIV ; 
R « Me) was obtained crystalline. Further simplification was achieved by use of an excess of 
the amino-acid sodium salt which favoured the production of one only of the isomers of (V1; 
R = Ph, R’ = H, R” =H). When this method was applied to the reaction between |; 
R = Ph) and pt-alanine, the product, presumably a mixture of the two acids (VI; R = Ph, 
R’ = Me, R” = H), was an intractable gum. However, methylation gave an oily methyl 
derivative which, on reduction in the usual way, yielded a mixture of two isomeric esters (X ; 
R = Ph, R’ = Me), both isolated in a crystalline condition. 

In « further study, intermediates were used where the 5-position carried only one aliphatic : 
substituent. A convenient starting material was 2-mercapto-4-isobutylidene-5-thiazolinone 
6F 


1900 Cook and Pollock : 


K=- Pr) which reacted rapidly with the sodium salt of glycine: one somende 
of 2-mercapto-5-topropyithiazoline-4-carboxy etic acid (VI; K = Me,CH, R’ = 


(xm) 4 (XIV) 


C-SH 
R” « H) was obtained. This with methy! sulphate gave 2-methy 
carboxyamidoacetic acid, which gave an oily ester. The ester, reduced with amalgamated 


aluminium, afforded methyl 5 yithiazolidine-4-carboxyamidoacetate (X; R = Pr, 
R’ = H), in an overall yield of 21% from isobutyraldehyde. 


EXPERIMENTAL. 


Reaction between 2-M and Glyceme Ethyl ster 
(2-2 g.) was heated under ux for 2 hours with glycine ethyl! ester hydrochloride (1-5 
mixture of w-socium (10 c.c.) and methanol (20 c.c.). The solution was 
eee nee Oe: m.p 135°) was washed with ether (10 ¢.c.) : the residue (0-4 g.) had m. 
170°. Ethyl 2-mercapto- — ted from a little methanol 
colourless needles, m C,,H,,0, N,S, requires 51-8, H, 49%). 
another experiment, m. p. was dissolve! in x-sodium hydroxkte 
crushed ice was added, followed by c.). A white .), m. 
103°, separated after 5 minutes. Recrystallizat methanol gave ethyi 2 
youaline-l-acetate as needles, m. p. (Found 02. 
C,H ,,0,N,5 requires N 
2-Mercapto-4-benzylidene- (0-4 ¢.) wes in bydronide (99 ¢.c.), and 
methyl out te (2-5 g.) was added. The solution was shaken until separation of the 2-methyithio- 
derivative (40 g.) was complete. It recrystallized from methanol (50 c.c.) as long orange needles (2-8 g.), 
124°. To a solution of this com nd (1:2 g.) and glycine ethyl ester hydrochloride (0-8 g.) in 
(50 «.c.) was added ~-sodium hydroxide (5 c.c_), and the solution was ted under reflux for 
1 hour, methanethiol being evolved. The solution was concentrated to 15 c.c. and cooled to 0° while 
tthyl (0-8 g.), m. p. 160°, separated. The 
uct was recrystallized from methanol, without c cmm . P as colour needles (Found: C, 
78; HL. C, 57-9; 49; N, The thiohydantoin (0-5 g.) 
in hydroxide (1- Be c.) with methyl! cc.) gave the which, 
recrystallized from aqueous methanol, had m. p. 121°, undepressed on admixture with the compound 


and Giyoime—(a) The thiazolinone (2-2 ¢. 


was warmed with a solution of glycine (0-75 g.) in w-sodium hydroxide (10 c.c.) for | hour. A 
quantity of unchanged thiazolinone (m. p. 211°) was removed, and the filtrate was acidified with concen- 
trated hydrochloric acid, whereby an o1 Node which had partly crystallized after 24 hours 


aoe oul was taken up in ethyl acetate ¢.), and the solution dried and evaporated to 10 cc. 

Slow addition of light petroleum (b ? OO BO) esa gummy material and colourless crystals ; 

the latter were removed, giving 0-3 ¢. of material has — mp 176— 182°. ——— from ethyl 

a as small 

m. p. 179° (Found : 483, HL N, 4. 486; H, 41; 
, 95%). 


(6) 2-Mercapto-4-benzylidene-5-thiazolinone (11 g.) was dissolved by warming in a solution of glycine 
(5-7 «.) in water (20 c.c.) containing sodium hydroxide (3.g.). The solution was acidified at 0° with con- 
centrated hydrochloric acid, and the precipitated oil was rubbed until solidification to a pale yellow 
powder (2-2 g.; m. p. 170°) was complete. Kee zed from boiling water, 2-mercapio-5-phenyi- 
thiasoline-4-carboxyamidoacenc acid hemibydrate (11-5 g., 77%) formed colourless thick rods having 

170°. Further crystallization in the same way soled the m. p. to 186° (Found: C, 47-3; H, 43; 
,O.N,S,.§H,0 requires C, 47-2: H, 43; N, 

Methyt 'b- Phenylibiazolidine-4-carbosyamidoacetate-—(a) The crude de, as obtained in (a) above 
from 2-mercapto-4-benzylidene-5-thiazolinune (2.2 g.), was dissolved in n ethyl acetate (30 c.c.), and the 
solution dried (Na,SO,). A solution of diazomethane (0-6 g.) in ether (20 cc.) was added slowly, nitrogen 
being evolved. After 3 hours, the solvents were removed in vacwo to leave a mobile yellow oil. Clean 
aluminiom foil (0-5 g } was amalgamated in 3% aqueous mercuric chioride soluts for 10 tes and 
washed well with water and methanol. To it was added a solution of the yellow oi! in methanol (20 ¢.c.) ; 
methanethiol was evolved. The solution was heated under reflux at the end of the reaction, and the 
alumina filtered off and extracted twice with hot methanol (20 c.c.). The combined filtrates were 
evaporated to leave a pale yellow oil, which was stirred with a mixture of ether (5 c.c.) and water (5 c.c.), 
whereupon crystallization commenced in the ethereal layer The mixture was at & for 5 hours, 
colourless needles (0-7 ¢ ) 126°, separatin: The material was extracted with boiling ether (60 c.c.) 
(extract 4). g.) of the a-form of methyl 

3°, from hot water (Found: C, 55-8; H, 5-8; N, 10-0. 
from water (Found: N, 138 C,,H,,0, 
hitrate from the crystallization of the 
of ght p. ) caused the separation of rusettes of colourless needles (0-2 g.), 


[1950) Studies in the Azole Series. Part XXXII. 1901 


\b) The peptide hemihydrate (10 m. p. 177°) was suspended in ether (50 c.c.) and treated with a 
ot igs ¢.c.), nitrogen was rapidly evolved. After 3 hours the 
solution was worked up to a yellow oil ond sutueed in methanel a0 recorded in (a). Evaporation gave a 
(3-5 m. > undepressed on admixture with previously 
material 


ic) The peptide hemihydrate (m. 177°; 10-5 g.) in water (20 c.c 
was 


(2-8 g.) was shaken for 30 minutes with sulphate (3-3 c.c.), giving a clear solution 
ac cautiously with h xchioric acid. precipitated ot! was extracted with ethyl acetate 
xtracted combined extracts were dried 


evaporated, to give a clear yellow ot! which was reduced as described in (a). 
described in (6), yielded the £-form (4-1 46%), m. p. 113-115". 
Treatment 2- Mere with 


phen ne -4arboryamidoa Ethanol Hydrogen 
Chloride --The ne (1 g.) was i hydrogen (9 )at "for 3 dave 


H, C H requires C, "4: N, 92%). compound 


gave no 
ferric or with reagent 

Methy! F ster —The f-form of the above 
ester (3-8 wan het and a solution of mercuric chloride in water (500 
was r y introduced, the solution becoming turbid and formaidehyde evolved. After 3 hours 
the curd was filtered off, washed with water, and dried in air at 40° (9-5 g). mercaptide (2 g.) was 
finely powdered and suspended im ethanol, which was then saturated with h 
with s “Mercuri sulphide was removed. A small part of the filtrate, after being boiled 
to expel hydrogen , was neutralized with sodium bydrogen carbonate and treated with ethanol 
ferric chloride, which produced an intense Prussian-blue colour, The bulk of the solution was evaporated 
to dryness, giving a pale yellow gum which crystallized on repeated trituration with small quantities of 
dry ether. After reduction to a fine powder, the material was removed and, while still covered with 


ethyl ester hydrochloride | was thus aa 
colourless h hemihydrate, m. p. 90-—91° H, 60; WN, 90. 


ich} O requires C, 45-9; H, 58; N, 80%). 

Reachons with 2-Mercapto-4-isopropylidene-5-thiazolinone.—(a) With glycine, The thiazolinone 
(1-7 g.) was suspended in a solution of glycine (0-75 g.) in ¥-sodium hydroxide (10 c.c.) and heated on the 
steam bath until a clear solution was obtained. A acidification at 0° with hydrochloric acid, the 
clear solution was extracted with ethyl acetate (3 x 10 ¢.c.). The combined extracts were dried and 
evaporated to5c.c. Light petroleum (b. p. 60-—-80°) was added to prec te a sticky mass which broke 
up to give a pale yellow m. p. 190". 2- 
amidoacetic acid recrystallized from acetate-light petroleum p. 40—460") as minute colourless 
needles, m. p. 193° (Found : C, 38-9; N, 11-2. requires C, 38-7; H, 40; N, 11-39%). 

(b) Wee Di-alanine. To a solution of Dt-alanine (42 ¢.) hydroxide (2-6 g.) in water 
(20 was added 2-mercapto-4-ssopropyl .); Feaction was rapid and a clear 
solution obtained after warming for 10 minutes. Acidification at 0° gave a clear solution which was 
extracted with ethyl acetate (2 x 30c.c.). The extracts were dried, concentrated to 20 c.c., and cooled 
to 0 , whereupon a-(2-mercapto-5 acid 33%), m. p. 
196°, separated. When recrystallized from a little eth Cu, the peptide separated as colourless 
thick needles, m. p. 208° (Found: C, 41-3; H, 55; N,1 C, 41-2; H, 54; N, 
10-7%). The ethyl acetate to which did not crystallize. 

between and -A suspension of the 
thiazolinone (11 g.) in a solution of alanine (6-8 g.) in x-potassium hydroxide (75 c.c.) was warmed, the 
thiazolinone rapidly dissolving. The clear liquid was heated on the steam bath for | hour, cooled, and 
acidified with concentrated hydrochloric acid, whereby a brown oil was precipitated. This was dissolved 
in ethyl acetate (40 c.c.), the aqueous layer was extracted with ethyl acetate (2 x 30 c.c.), and the 
combined extracts were dried and evaporated to 20 c.c. Diazomethane (4 g.) in ether (100 c.c.) was 
slowly added and the solution kept at room temperature overnight. Solvents were ated and the 

pale yellow oil was dissolved in methanol (200 c.c.) and added to amalgamated aluminium foil 

(6¢.) ethanethio!l was evolved. When reduction was complete, the methanolic solution was boiled 

filtered hot, and the alumina twice extracted with boiling methanol (200 ¢.c.). The combined 
filtrates were ev ted to a colourless oil, which was stirred with water (30 ¢.c.) and ether (20 c.c.). 
After 16 hours at omer ee) The product (4 .), m. p. 90-120", was dried in vacuo 
and extracted with boiling ether (150 c.c.) ( a residue of colourless needles (1 p. nll 
needles, m. p. 166° (Found: C, 56-7; H, 62; C 
requires C, 57-1; H, @2; N, 95%). The ethereal filtrate B, kept at 0” overnight, yielded a further 
of the impure «-form (0-2 g.), m. p. 145—153° (filtrate C). 
the 8-form i ide separa g.; m. 


mm water, this formed colourless fine neex (Fou 
mixture with the «form had m. p. 04—97". 
SS San as , giving a total yield of 4-9 g. (33%, based on the 


1902 Bell and Greville : 


Reaction betw: 2- Merca pio. S-thiacols and 
stirring the thiazolinone inte a hot solution of glycine (57 g.) and sodium hydroxide (3-4 g.) in water 
(30 <<.) was heated on the steam-bath for 05 hour. The thon was acidified at 0° with concentrated 
hydrochloric acid, a mobile oil separating which when kept at 0° yee pn solidified to a crystalline mass. 
m. p. 2-Mercapto-5- op drate formed colourless 
plates, m. p. 62°, from a little warm water (Found. C, 37-3; H, 61; N,®5. C,H,,O,N,S,1-6H,O 
requires C, 373, H, 50; N, #7%) 

Methyl is 4 4 carbo doacetate —The above wihydrate (10 g ) was dissolved 
in water (30 ¢.c.) containing sodiem bydroxide (2-9 ¢.), and methy! su ite (490 was added. After 
© 5 hour's shaking, a clear solution was obtained, which was acidified with hydrochloric acid. The 
supernatant —— was decanted and extracted with ethyl acetate (2 x 100 c.), and the extract dried, 

evaporated to 20 cc. and diluted with light petroleum (b. p. 40-40"), to give 2-methylihto-5-is0pr 
acid (32 m. p. residual ry crystall 
trituration under water, recrystallization from ethyl acetate-light m (b 4-60") 
further 2 m. p 50”, of the 2-methylithio-derivative (total g., 62%) (Found Cc, 43-0; H, 
57; N, voll requires C, 43-1; H, 58; 10-1 The 2-methy!thio-derivative 
was aller Gib 0.0.5 ent g.) in ether (50 c.c.). 

5 minutes the solution was evaporated to a colourless oil, which was reduced in ethanol (50 c.c.) with 
a mated aluminium foil (2g). The reaction mixture was filtered hot, and the alumina extracted 
with boiling ethanol (2 « Mec). Evaporation of the filtrates gave a colourless oil which was taken up 
m ether (20 ¢.c.) and kept at 0° for 16 hours, while methyl ee eee ne-4-carboryamidoacetate 
(08g), m. p. separated. The ethereal filtrate was largely diluted with (b. p 
60"), giving rosettes of colourless needles, m. p and mixed m. p. 80—82°. rls aor 


a little hot water in colourless needles having m. p. 85° (Pound: C, 490; H, 7-3 
requires C, 48-8; H, 7-4; N, 11-56%) 

Reaction between 2-Mercapto-4- and Aminoacetamide suspenmon of the 
thiazolinone (44 g.) in methanol (100 ) containing x-sodiem hydroxide (20 c.c.) and aminoacetamide 
hydrochloride (2-3 ¢.) was heated under reflux for 1 hour, diluted with water (200 c.c.), and cooled 
pale yellow solid product (2 g.), m. p 220", was a from the minimum =~ of hot glacial 
acetic acid, whereupon 2 thio-4-benzyl tlamide (1:3 g.), m. p. 257°, separated. For 
analysia. a quantity was from hot water, forming long yellow needles, m_ p. 
257° (Pound 554; H. 43, 160. requires C, 55-2; H, 43; N, 161%) 

The amide ( a @ ) treated in a solution of potassium hydroxide (0-19 g.) in water (10 c.c.) with methyl! 
sulphate (03 c.<.) gave a rapidly-crystalli ot) 2- 5-dihydro- 
(0-7 was filtered from methanol as pale 
rhombohedra, m. p. 154° (Found: C, 56-9; H, 52; N,153. C,,H,,O,N,S requires C, 56-7; H, 5-5; 
152%) 

The acetic acid solution from crystallization of the thiohydantoin was largely diluted with water, 
whereby further material (0-5 g.) m. p. 190-195", was precipitated This was recrystallized from hot 
water, giving 2-mercapto-5 phemyithiazolime- -4-carboxy de as colouriess rods, m. p. 200° 
(Found: N, yO.N,S, requires N, 14 2%). 


(to J. R. A. P.) and Sir lan Heilbron, D.S.0., F.R.S., for his constant interest and encouragement 


oF Sctance anp 
S. Kensinorox, Loxpon, $.W.7. Received, March 30th, 1950.) 


388. Characterisation 3: p-Glucose. 
By D. J. Bett and G. D. Grevirre. 


3: 4-Dimethyl p-glucose, first described by Dewar and Fort (/., 144, 496), has been 
synthesised by a somewhat different route and its constitution proved by (a) formation of a 
crystalline phenylosazone containing two methoxyl Am pe (b) oxidation to the a 
S-lactone, characterised as the crystalline 3 onic acid le, a 
(©) periodate oxidation. During this oxidation the link is attacked rapidly, yielding 
formic acid, and thereafter a slow production of Se saeme ensues, presumably by fission of 
the 56: 6-link. The sugar itself is most readily characterised as the crystalline anilide. The 
polarimetric behaviour of the sugar has been ribed incorrectly by Dewar and Fort 


SEVERAL years ago we started work on the synthesis of 3 : 4-dimethy! p-glucose, at that time 
unknown. We intended to attempt this through a partial acetolytic opening of the dioxan 
ring of 4: 6-ethylidene 3-methy! §-methylglucoside (cf. Bell and Synge, j., 1937, 1711), but 
although crystalline compounds were obtained at various later stages, these did not appear to 
have the desired structures, and the attempt was abandoned. Subsequently Dewar and 
Fort (J., 1944, 496) described the synthesis of crystalline 3: 4-dimethy! glucose starting with 
4: G-ethylidene §-methyighucoside 2: 3-dinitrate. These authors, likewise, encountered 
difficulty when attempting partial acetolysis of the ethyliclene radical in their substances. 
Later work in this laboratory, however, rendered imperative the preparation of a quantity of 


1950) Characterisation of 3: 4-Dimethyl p-Glucose. 1903 


3: 4-dimethy! glucose; we therefore recommenced our own work and, since Dewar and Fort 
gave no proof of the constitution of their sugar beyond that provided by their method of 
synthesis, we decided to characterise the sugar more fully. 

The synthetic route adopted followed closely in its later stages that of Dewar and Fort. 
Certain improvements were introduced, notably (1) the use of the crystalline chloroform 
addition compound of 3-methyl §-methyiglucomde as starting material for the preparation of 
its 4: 6-ethylidene derivative (I), (2) the use of toluene during the working-up of the trityl 
compound (IV), and (3) the adoption of a totally different procedure for passing from (V) to 
(VI) (see following scheme, in which “ § "' denotes §-methyliglucoside). 


4: 6-Ethylidene 3-methyl 8 (1) 2-Benzoyl 4: G-ethylidene 3-methy! (11) * 


2-Benzoyl 3 4: 6-trimethy! (XIT.) 2-Benzoy! 3-methyl (ITI.) * 


3:4: 6-Trimethyl (XIII) * 2-Benzoyl 3-methyl 6trity! (IV). * 


2-Benzoyl 3 : 4-dimethy! 6-trity! (V.)* 


2:3: 4:6-Tetramethyl (XIV.) 3. 4-Dimethyl (V1.)** 


2:3: 4: 6-Tetramethy! glucose (XV_) 


3: 4-Dimethy! glucose (VI1.) * 


3. 4-Dimethy! glucose anilide (VIIL.) 3. 4-Dimethy! glucose phenylosazone (1X.) ¢ 
3. 4-Dimethy! 8-gluconolactone (X.) 


3: 4-Dimethy! gluconic acid phenylhydrazide 
+ Reeves, /. Amer, Chem. Soc., 1944, 66, 845. * Dewar and Port, loc. cit. * Dewar, Fort and 
McArthur, /., 1944, 499. McDonald and Jackson, Bur. Stand. /. Res, 1940, 24,181. * Haworth, 


Hirst, and Panizzon, /., 1934, 154; Sundberg, McClosky, Rees, and Coleman, /. Amer. Chem. Soc., 
1945, 67, 1080. 


It may be noted that the benzoyl radical occupying position 2 in (I11) and (IV) does not 
migrate when these compounds are treated with Purdie’s reagents; from (III), crystalline 
3: 4: 6-trimethyl 6-methylglucoside was obtained in good yield (this will be the subject of a 
future note with Dr. D. H. Northcote). 

When we examined our specimen of crystalline 3: 4-dimethyl glucose we found that, 
although it had the melting point recorded by Dewar and Fort, it showed very different 
polarimetric behaviour. Through the kind co-operation of Dr. J. Dewar we were able to 
re-examine the rotation of his original specimen; we find that it is indeed identical with our 
material. It is therefore clear that Dewar and Fort misquoted the polarimetric values, and 
also the direction of the mutarotation, in their report (see below). 


Specific vetations of samples of : 4-dimethyl 
Source of sample. [a\p in water. 

Present authors (28 mina.) —> min.) 
+77-8° (95 hrs., equilibrium) r., 

Dewar and Fort (by present +76-6° (3 mins.) —> +008 (6 iene 
authors + 76-6" (15 brs.) + 92-0° (10 mins. equilibrium) 

Dewar and Fort (published values) +64-9° (10 mins.) ——> + 685° (6 mins.) —> 

+04-8° (24 hrs.) + 102-2" (24 hrs.) 


1904 Bell and Greville : 


From the downward trend of the matarotation it may be deduced (hat the crystalline sugar 
contains a preponderance of the 2-anomer. 

A convenient derivative for the identification of 3: 4-dimethyl glucose is the crystalline 
anilide, which we have obtained in good yield. The phenylosazone can also be prepared; it 
was obtained in easily crystallisable form by seeding with material prepared from synthetic 
3: 4-dimethy! p-fructose and kindly provided by Dr. Emma J. McDonald of the U.S. Bureau of 
Standards 


Oxidation of the sugar with bromine water, followed by appropnate treatment, yielded a 
syrupy 4-lactone which, however, yields a readily crystallisable phenylhydrazide. 


Oxidation of 3. 4-dimethyl glucose by periodate im phosphate bufigr (pH 7-4). 
Fw. 1. 2. 
41 Moles of periodate. 1-5 Moles of periodate. 
Laitial 


a 


Periodate reduced 
(males | mole of sugar) 


i iL i i 


Oxidation time (hours) Oxidation time (hours) 


Experiments on the oxidation with periodate of 3: 4-dimethy! gluccse gave the following 
results: In bicarbonate buffer (pH 7:5) formation of formaldehyde was very slow, 0°55 mole 
being produced from one mole of sugar in 860 hours. In phosphate buffer (pH 7:4) (cf. Bell, 
J., 1048, 992, Bell, Palmer, and Johns, /., 1949, 1536) one mole of periodate was reduced 
rapidly, «¢, in about one hour (Figs. 1 and 2). At this stage a negligible amount of 
formaldehyde was found, but one mole of formic acid had been liberated. There followed a 
slow, but fairly steady, reduction of periodate which was still proceeding when 3°5 moles had 
been reduced 3. 4-Dimethyl glucose, reacting in the open-chain form, would be expected to 
reduce only two moles of periodate, but it has been found that some other methylated sugars 
reduce more than the expected amount of periodate in phosphate buffer (Bell, Palmer, and 
Johns, loc. est.) At 216 hours when 2-96 moles of periodate had been reduced, one mole of 
sugar had produced 084 mole of formaldehyde. With this sugar, therefore, periodate first 
attacks the 1: 2-link yielding formic acid, and subsequently causes a slow production of 
formaldehyde, presumably by fission of the 5: 6-link 

The constitution of the sugar was confirmed by the following : (1) Complete methylation of 
the glucoside (VI) vielded crystalline 2:3: 4: 6-tetramethy! §-methvigiucoside, which on 
hydrolysis gave 2:3: 4: 6tetramethy!l glucose. (2) The formation of formic acid and 
formaldehyde by periodate oxidation is consistent with etherification in positions 3 and 4. 
(3) The sugar yields a dimethyl glucose phenylosazone, which is identical with that from 3 : 4-di- 
methyl! fructose (4) The lactone obtained after bromine oxidation behaves in solution as a 
member of the 4-series, confirming substitution of the hydroxyl group of position 4. 


EXPERIMENTAL. 


M. p.s are uncorrected unless otherwise stated. Rotations were measured in 2-<dm. tubes. Solvents 
were removed under reduced pressure, and solvents distilled in glass were used for crystallisations. 
Elementary analyses were by Drs. Weiler and Strauss, Oxford 

4. Ethylidene 3-Methyl 8 Methyighucosade (1).—The crystalline chloroform addition compound of 
3-methy! #-methyigiucoside (Oldham, Amer. Chem. Soc., 1934, 1360) was dried to constant weight 
over calcium chloride in a desiccator continuously evacuated at ca. 15 mm. (4.5 hours). The product 
(21 g., equivalent to ca. 13g. of the glucoside) was then shaken vigorously with 10 ml. of fresh 
paraldehyde containing 1% (v/v) of concentrated sulphuric acid and previously cooled to ca. 10°. After 
the mixture had been kept at 4°, and shaken at intervals, for 30 minutes most of the solid had dissolved. 


| 
| 


) which after recrystallsation from 
(al —43-5° in chloroform (¢, 4-6). Dewar 
Reeves (Joc. ett.) gives m. p. 133-134" 
6-Ethylidene 3-Methyi B- —~The substance (I) (dried over 
(4 moles) ; chioride (2-3 moles) was 
more than 10 g. of the were treated at a time. 
Payee xture was stirred with water; 3 hours later the 
sohd d off and 


ammonia solution, “and 4-7 
gave (11), m. 3 
2-Benzoyl 3; 


foliowing tions 
(111), m. p 139—-140* (from carbon tetrachloride-chioroform). p. 142—1 “The 
(111) (8-45 g.; dried in high v (air-bath 
yimethy! chloride (7-35 g., 0075 mole) and dry (42 ml.) under an air-condenser 
Steed with a calcwm chioride guard- “tube. After cooling, mixture was diluted with 250 ml. of 
toluene (chosen because the partition coefficient ene eee pa and the whole poured 
into 4 L. of 2 025% sodium & m carb ated and shaken 
with a little more toluene. united toluene layers were again 
carbonate solution and then with water, until the smell of 
treatment with sodium sulphate and charcoal the toluene solution was filtered evaporated. The 
residue (1V), a pale yellow glass, was dried in a high vacuum (yield, 14-35 g., 96%) and had («)/f —9-1° 
in chloroform (c, 4-1). Dewar and Fort (lec ve in chloroform, 

Methylation of (IV) with Purdie's reagents ( and Fort, cit.) 4-dimethy! 
derivative (V), m. p. 138—139°, Repeated recrystallisation from met failed to raise the m. p. 
above 139-—140". cit.) give m. p. 142°. 

3: 4-Dimethyl B-Methylgiucoside (V1). —Thecompound (V) (80g. ) was dissolved in ethanol (36 ml. )under 
reflux and 35 ml. of 0-65N ore hydroxide (ca. 100% excess) added slowly. After 30 minutes’ 
boiling the solution was c 300 ml. of water were added, and the whole was extracted 3 times with 
chloroform. The combined extracts were washed with a little water, dried (Na,SO,), and evaporated. 
The resulting de-benzoylated product, a glass, was then heated under reflux with 90 ml. of acetone and 
10 ml. of 0-1x-hydrochioric acid, the reaction being followed polarimetrically (7 hours). After cool 
of the mixture more water was added, followed an oxcess of silver carbonate. The solid mat 
was removed by filtration (charcoal) and with water. The combined filtrate and washings 
were concentrated to remove acetone; trityl compounds which separated during this procedure were 
fil d off and hed with water. The filtrate and washings were combined | , alter concentration, 
were extracted 3 times with benzene to e the removal of trityl comp The 
was then evaporated, the residue dissol in ethanol, and this solution hitered and evaporated below 
“0”. The product (V1) crystallised imanediately when seeded ; it weighed 2-70 g. after drying in a 
vacuum. It was distilled at 0-05 mm. (bath-temperature ca. 150°) to give crystals, m. p. 80-83", | 
in chloroform (c, 5-1) (2-40 g., 77% from (V))}. Dewar and Fort (loc. cit.) p- 
—11-9* in chloroform, after recrystailisation. 

2:3: 4: 6-Tetramethyl D-Giucose (XV) from (V1). (VI) (0-209 g.) was twice methylated 
with Purdie’s reagents. The product over sulphuric acid and solid sodium 

the 
theseetical) and had (allt in water Irvine and Cameron 

The crystals (0-2 g.) were hydrolysed by heating with n-h 
After a te treatment the hyd te Berner 0-15 g. of caalies material. 
recr light petroleum (b. p. yielding 0-069 g. of 2:3:4: glucose 

. p. 86—92", on admixture with material of m. p. 90—92°, and 
+82-4° in water at equilibrium. Haworth, Long, and Plant (/., , 2808) give 
The mother-liquors from the recrystallisation were evaporated, leaving 
material, 79-5; “residue 79; authentic material 79 

3: 4-Dimeth yl Glucose (VID) glucoside (VI) was bydr in 5% solution in n-hydrochloric 
acid at 95—1 the reaction being followed imetrically (5-5 hours). The solution was treated 
with a small excess of silver carbonate and tered (charcoal-“ Celite"’) before and after passage of 
—— Iphide. The solution was then evaporated below 50°, and the residue dissolved in 
fi and evaporated. Two recrystallisations of the residue from dry ethyl acetate yielded (VII), 
m. 110—113°. Dewar and Fort (loc. cit.) give 113°. The m. p. was not yn by mpeg 
with a specimen (m. p. 110—112°) from Dr. The sugar wae dried to comment weight in 
vacuum at room tem Dee C, 462; H, 7-55. Cale S 
For rotation, see T: Dr. Dewar's specimen contained amount of 
recrystailisation from this solvent had («)if in methanol (c, 
-+-97-6° (4 minetes), + 92-0" (10 minutes, equilibrium value). 

Our material gave a single compact spot on a paper chromatogram (m-butanol-water or ethyl 
acetate—water). 


{1950} Characterisation of 3: 4-Dimethyl D-Glucose. 1905 

The @uid was decanted into 200 mi 

treated with a further 30 mi. of 

15 minutes. The resulting fluid was then to the potassium carbonate salution whole was 

then distilled under reduced pressure to remove unchanged paraidehyde, and the aqueous solution 

i 8-Methyigiucoside The above comy nd iii i, 
& 


1906 Characterisation of 3: 4-Dimethyl D-Glucose. 


4-Dimethy! Glucose Amtisde ~The sugar (VII), in 5% solution in dry ethanol, was refluxed 
with aniline (1-5 moles) for 5 hours vaporation of the solvent and recrystallisation of the residue, 
(b. p. 40-60"), then from ethanol, gave the anilide (VIII) as 
colourless needles, m. p. 177—-178* (not raised by further recrystallisation from ethanol), («)f in ethanol 
(e, 2-2) — 106° (17 minutes), (17 hours) (Pound; C, 50-2; H,7-6; N,485; OMe,21-4. C,,H,,O,N 
requires C, 50-4; H. 7-4; N.4 OMe, 21-9 

3. 4-Dimethyl Glucose pe (1X).—A solution of the sugar (VII) in dilute acetic acid was 
heated for 75 tes at 100° — nythydrazine (ca. 4-5 moles) and a little sodium hydrogen sulphite 
(Hamilton, Amer. Chem. Soe., 487). The oil which ated used when seeded with 
the phenylosazone from 3 <dunstaor fructose, kindly su by Dr. Emma J. McDonald. The 
crystals were washed thoroughly with water and dried in a high vacuum over phosphoric oxide = After 
two recrystallisations (charcoal) from ether- petroleem (b. p. 60-80") the (IX) had 
m (Found: C, 62-2; H, 69; 146; OMe, 164. Cale lor : 62-2; H, 
675; N, 146; OMe, 161%). Another p. 120°, unchanged by further 
It is noteworthy that the phenylosazone from 3. 4-dimethy! fructose (obtaimed from insin forthcoming 
communication), which showed no depression ed Ap being mixed with (1X), melted at 126°, but had 
m. p. 120° after further recrystallisation. Mel and Jackson bg est.) obtained two specimens of 
the phenylosazone from synthetic 3° 4-dimethy! fructose with m 26° and a third with m. p. 121° 
(no analyses given). Haworth, Hirst, and Isherwood (/., 1937, 784) prepared the phenylosazone from 
3: 4-dimethy! mannose but were unable to determine a m 

3: 4-Dimethyl 5-Gluconolactone (X).—-The sugar (VII), in 5% solution in water, was oxidised by 
bromine at room temperature, a smal! amount of undissolved bromine being kept present throughout. 
After 30 hours Febling’s test was negative. The solution was then neutralised with a slight excess of 
silver carbonate (free from alkali and alkaline-earth metals) and filtered (charcoal—" Celite ‘’) before and 

drogen sulphide had been passed in. It was evaporated, leaving a syrupy residue which was 
Senitied at 6-01 mm. (bath-temperature ca. 150°, receiving surface cooled with acetone-—carbon dioxide), 
yielding 3 : 4-dimethy! gluconolactone (X) as a colourless syrup (Found : OMe, 20-85. C,H,,O, requires 
OMe, 30-1%), 1.4862 (decrement for rise of 1°, 0-00028 from 19° to 20°), [a)ff in water (c, 1-2) + 70-8" 
(9 minutes), + 57-2° (70 minutes), +30-5" (220 minutes), + 20-2" (350 minutes), +16-4° (10-5 hours), 
+16-0° (22 hours, equilibrium value). The rate of hydrol indicates a }-lactone 

3: 4-Dimethyl Glucowic Acid Phenythydraride (X1). lactone (X) (0-33 g.) was dissolved under 
retlux in dry benzene (9 mi.) with the aid of a few drops of absolute ethanol. Phenylhydrazine (0-28 ml., 
ea. 2 moles) was added and the solution boiled for 5 hours. It was then evaporated; the residue 
© ised on being warmed with dry ether, The crystals were washed with smal! quantities of dry 
ether and of ether-light petroleam (b. p. 80-100"). Recrystallisation from ethanol-ether-light 

roleum (b. p. 80-100") qave the phenylaydraside (X1) as colourless needles, m. p. 119° (not raised by 

rther recrystallisation) (0 66%), +27-1° in ethanol (c, 1-6) (Found: C, 53-55; H, 7-0; 
N, 946; OMe, 20-1 C,H requires C, 53-5; H, 70; N,& 8, OMe, 197%) 

Oxidation of 3.4 by Periodate —The oxidations were done at room temperature. 
The amounts of periodate reduced, and of formaldehyde and formic acid formed, are expressed as moles 
(or g.-equivs.) per mole of sugar initially present. Simultaneous control determinations on the reagents 
were always carried out and the necessary slight corrections made. 

(a) Im bicarbonate buffer. The formaldehyde formed when the sugar, in 9mmu-solution, was treated 
with periodate (6-7 moles) in bicarbonate buffer (pH 7.5) was determined according to Reeves (/. Amer 

Chem. Soe., 1941, 68, 1476). Formaldehyde was produced very slowly. The formaldehyde-dimedon 
compound had m. p. 193° (corr.) 


Oxidation time (hrs). 96 860 
Formaldehyde produced (moles per mole) 0-24 0-55 


(b) In phosphate buffer. Periodate was determined by titration of ~?- + of the reaction mixture 
with 0-02N-sodium arsenite after addition of water and potassium iodide the experiment shown in 
Pig. 1 the sugar, in 4m™-solution, was oxidised with periodate (4-1 moles) in 0-025m-sodium phosphate 
at pH 7-4. 1.07 Moles of periodate were reduced in the first 2-5 hours; thereafter there was a slow but 
fairly steady reduction, still peseoeding at 600 hours. The initial rapid reduction was examined more 
em hs in another rp (Pig. 2) in which the sugar, in 15m-solution, was treated with 1-5 moles of 
periodate; 1 mole of periodate was : reduc ed in about | hour 

Formaldehyde geedqetion was studied as follows: The sugar, in 6mm-solution, was oxidised with 
periodate (3:4 moles) in 0-03m-sodium phosphate at pH 7-4. Samples (10 ml.) were removed at intervals 
and treated with x-hydrochloric acid (3 ml.) and 1-2m-potassium arsenite (B.D.H.) (1 ml.). When the 
liberated iodine had Geagqeneed, bromocresol-green was added, followed by m-sodium acetate until the 
solution was blue-green he formaldehyde was then determined by weighing the dimedon com nd, 
m. p. 188-189" (corr), as deseribed by Bell (loc. cit.). The results are given below. It is seen that the 


Oxidation time (hrs) 


Periodate reduced tmoles per mole) 
Formaldehyde produced (mole per mole) . 


initial reduction of 1 mole pod av my is accompanied by negligible production of formaldehyde, but 


that during the subsequent r tion of more than the expected amount of periodate formaldehyde is 
slowly released. 
Production of formic acid during the first few hours was determined as follows (cf. Bell, Palmer, and 
ew loc. ott.). The sugar, in l6m™-solution, was oxidised with periodate (1-48 moles) in 
Sa - te at pH 7-5. Samples (2 mi.) of the reaction mixture were withdrawn at intervals, 
trea’ with purified ethylene ce (0-6 mil.) and after 1 hour diluted to 10 ml. with 10% rem 
nydregen sulphate. Samples (3 mi.) of this solution were then pipetted into the i 


95 216 
2-28 2-96 
0-005 0-64 0-84 

; 


[1950) Oxidations with Sodium Bismuthate, etc, 1907 


1942, 36, 700); 65 mi. of distillate were collected and titrated with 
In-sodium hydroxide (carbon dioxide-free) in a stream of carbon dioxide-free air, with phenol-red as 
indicator. The blank determination on the ts was 0-015 ml. of sodium hydroxide, correspond ate cogtnd 
to 0-02 g.-equiv of velatie acid por mole of eager Distillations were run in duplicate. Cont 

The results are given below. 


reduced (moles per mole) 

Volatile acid formed (g.-equivs. per mole) 

Evidence that the volatile acid was in fact formic acid was obtained as follows; The 
made oy a with sodium hydroxide, were evaporated (Pirie, Biochem 1946, 40, 100) 
the residues heated in glass-stop tubes with 2 ml. of 5% mercuric sulphate n '0-5x-sulphuric acid 
for 1 hour at 100°. The resulting suspensions were distilled and titrated as before. Alternatively, the 
dried residues were dissolved in 3 ml. of the acid mercuric sulphate solution and distilled, slowly at first, 
without preliminary heating. Both methods resulted in quantitative elimination of the acid. 
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389. Ovxidations with Sodium Bismuthate ; Glycol Fission and 
Related Reactions. 
By W. Ricsy. 


Sodium bismuthate in an acid medium smoothly and effects oxidations similar 
to those t about by lead tetra-acetate and acid ; ~glycols undergo fission to 
aldehydes or acyloins to the derived yl compound and — sl acid, and 
a-hydroxy-acids to the lower aldehyde or ketone, all in good yield. Aldehydes are not further 
oxidised. 


>C(OH)-C(OH)< group into >CO and OC<, only two-—periodic acid (Malaprade, Bull. Soc. 
chim., 1928, 48, 683; Compt. rend., 1931, 186, 382) and lead tetra-acetate (Criegee, Ber., 1931, 
64, 260)—-have found wide application. Closely related reactions—scission of >C(OH)-CO- to 
>CO + HO-CO-, degradation of a-hydroxy-acids to the corresponding carbonyl compound, 


and some ammono-analogues of these reactions—are also brought about, the differences between 

the two reagents in this respect being of degree rather than of kind, and the reagents are reason- 
ably specific for these types of oxidation. In practice, periodate and lead tetra-acetate are more 
or less complementary, the former having perhaps its greatest value in quantitative applications 
and in reactions requiring the use of aqueous media, while the latter is not so well suited for 
quantitative work and is typically used in non-aqueous media for preparative purposes. Other 
reagents capable of effecting selective oxidative glycol cleavage are known (cf. Criegee, Kraft, 
and Rank, Annalen, 1933, 507, 159) but have been less investigated or have been shown to be less 
convenient for general use; some of the more familiar oxidising agents can also be shown to be 
capable of producing the typical “ glycol fission " products, but they either lack selectivity or 
bring about the result by a more or less minor side reaction; Slack and Waters (/., 1949, 504) 
have shown that the same cleavage products represent a stage in the oxidation of a$-glycols by 
chromy! chloride. 

Compounds of bismuth have been but little investigated as oxidising agents for organic 
compounds, but from the broad analogies subsisting between lead and bismuth, and especially 
from the occurrence in both of valency states of high oxidising potential two units above the 
common state, oxidations by quinquevalent bismuth might be expected to be analogous to those 
by quadrivalent lead. Experiment confirmed this, as was announced in a preliminary note 
(Rigby, Nature, 1949, 164, 185). Sodium bismuthate is available commercially, is quite stable, 
can be used directly, and in an acid medium at or about room temperature rapidly effects typical 
giycol fissions. The course of the reaction is readily followed visually, the carbony! compounds 
are produced in good yield, and there appears to be no tendency for aldehydes to be oxidised 
further. The rates of reaction are comparable with those of the corresponding periodate and 
lead tetra-acetate oxidations. The oxidation can be carried out in water, an organic solvent, or 
mixtures of the two, bismuthate having the advantage over lead tetra-acetate in this respect 
(Criegee and Blichner, Ber, 1940, 78, 563). Like lead tetra-acetate, and unlike periodate, 
sodium bismuthate rapidly and smoothly oxidises a-hydroxy-acids to the lower aldehyde or 
ketone. Methy! and ethy! alcohols are only slowly oxidised, even when present in high concen- 
tration but, in contrast with Malaprade’s reagent, bismuthate rapidly oxidises formic acid and, 
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experimental! 

(usually the theoretical amount) is stirred or shaken with a solution of the glycol in glacial acetic 
acid at, of slightly above, room temperature until the reddish-brown, finely suspended bismuth 
disappears and a clear colourless solution results (this requires a few minutes to several 
; if desired, the bismuth can be completely removed from the resulting solution by 
precipitation as phosphate. The marked change in appearance during reaction makes this 
procedure a convenient qualitative test for the classes of substances oxidised by the reagent. 
In the second procedure, the reaction is similarly carried out in water or aqueous dioxan in the 
presence of a slight excess of phosphoric acid. The initial bright orange-yellow suspension 
(presumably some compound of bismuth pentoxide and phosphoric acid) 1s ultimately replaced 
by pure white bismuth phosphate, again making it easy to follow the reaction visually, When 
the reaction products are isolated by ether-extraction, there is usually no need to filter off the 

mamuth phosphate, as it does not interfere or cause emulsification 

On a 1/50-—1/200-mol. scale, the expected products (given in parentheses) were isolated as 
derivatives from the following: ethylene glycol (formaldehyde); glycerol I-benzy! ether 
(benzyloxyacetaldehyde); ethyl tartrate (ethyl glvoxylate); cis- and trans-cyclohexane-| : 2- 
diol (adipdialdehyde); ¢rans-tetralin-1 2-diol (o-2-formylethylbenzaldehyde); threo-@ 10-cdi- 
hydroxystearic acid (pelargonaldehyde and azelaic acid-aldehyde); hydrobenzoin (benz- 
aldehyde); pinacol hydrate (acetone) ; and glycollaldehyde) ; benzoin 
(benzaldehyde and benzoic acid); 4- benzaldehyde and p-anisic acid) ; sgpers 
acid (acetaldehyde); mandelic acid (benzaldehyde) ; Mee come ode acid (acetone) ; 
benzilic acid (benzophenone) 

Moderate-scale preparations have been developed for: ethyl glyoxylate alcoholate (51%) ; 
adipdialdehyde (49% from trans-cyclohexane-| : 2-diol; cf. Criegee, loc. cit., 67%, from the 
ets-diol, and English and Barber, ]. Amer. Chem. Soc., 1949, 71, 3310, 68%, from mixed cis-trans- 
diols, both by means of lead tetra-acetate), and its cyclic monoacetal with cis-cyclohexane-1 : 2- 
diol (33%, trom cts-cyclohexane-| 2-diol); benzyloxyacetaldehyde (68%), pelargonaldehyde 
(53%; isolation of azelaic acid-aldchyde in a pure state from the same reaction being 
unsatisfactory (17%,)). 

Glycollaldehyde and formaldehyde (formed together by the oxidation of glycerol) are 
readily a as dimedoa derivatives by making use of the solubility of the formaldehyde— 

m and that of the glycollaldehyde derivative in 60%, alcohol. 
The puedes’ from giycollaldehyde is an anhydro-compound ; whether it has a xanthan structure 
has not been determined. 

Simple methods have been evolved for the preparation of cis- (ca. 36%, yield), and trans- 
eyelohexane-1 : 2-diol (ca. 50%, yield) 

The mechanism of the reaction of bismuthate with glycols is presumably essentially similar to 
those of oxidation with lead tetra-acetate of periodic acid, concerning which however there is 
still controversy. Many examples are known or organic compounds which contain adjacent 
hydroxyl groups = readily with metal hydroxides to produce substances considered to 


contain the group. 2M or R-O-M, hydroxides of copper, iron, aluminium, bismuth!'', boron, 


ete, being typical. Criegee and Bichner (/oc. cit.) considered that Pb(OAc),(OH), must react 
with glycols in this sort of way more readily than does the tetra-acetate in order to account for 
the catalytic effect of water on the lead tetra-acetate oxidation. The metals and their valency 
states are diverse enough to make it reasonable to suppose that formation of such metal 
derivatives is a general property, and that the specific nature and valency of the metal are of 
secondary importance——-with the obvious reservation that they should not favour ionic structures 
to the exclusion of covalent ones. If so, hydrated bismuth pentoxide might be expected to 
combine with a suitable polyhydroxy-compound in an analogous manner, at least as a primary 
act, and a theory of the mechanism of the oxidation reaction would then concern itself with 
transformations of the primary compound which would contain some such structure as 


cyclohexane-| . 2-diols, no notable difference in rate of reaction with bismuthate was observed 


{1950} Glycol Fission and Related Reactions. 1909 


The bismuth in such a compound is apparently able to withdraw permanently two electrons 
from the organic moiety and fission of a C-C bond results. Such a cyclic intermediate 


and, from considerations of the bond-energies involved, gives a satisfying explanation of the 
resistance of ordinary alcohols to the reagent; he maintains that “ The essential feature of 
the two reagents [Criegee’s and Malaprade's) is their ability to accept simultaneously the two 
H atoms from the glycol.” 

A formulation analogous to Dewar's would be better applied to Criegee's postulated cyclic 
intermediate ; this would be (II), where also the passage of the two “ reducing “ electrons to the 
inner shell of the lead atom would be facilitated by the stwnudianeous withdrawal of the electrons 
from the C-C link. This is the essential feature of the process: the cyclic compound is a 
mechanism which allows the energy necessary to break the C-C bond to be, in part, provided by 


att) av) 


that liberated on the formation of other bonds. Formally, the bond fissions need not be written 
as homolytic, formulation (III) giving the same result. Such a scheme would give a plausible 
indication why a few reagents—periodate, quadrivalent lead, and quinquevalent bismuth—should f 
specifically effect glycol fissions smoothly and with remarkable freedom from side reactions - ; 
they all concern elements which (4) can reasonably be envisaged as capable of forming a { 
preliminary compound R(O~M with the glycol, and (b) exist in two stable oxidation states which 
are two valency units apart, the lower representing a substance which is not an oxidising agent 
under ordinary conditions (Pb™ or Bi™!) or which no longer fulfils condition (a) (the IO,’ ion). 
This proposed formulation seems preferable to that of Criegee (Annalen, 1948, 560, 132-133) 
which involves a zwitterion (VI), this being essentially a polar form of an olefin peroxide 
(moloxide) since from the moment of its formation it will presumably have a cis-configuration ; 
the relationship of (V1) to (III) is obvious. Criegee's mechanism puts the glycol-fission reaction 


Ac >c=0 
(vi) 


in line with certain others formulated by him as involving oxygen carrying a sextet of electrons 
and with reactions of C*. In his discussion of the formation of ozonides, Criegee (Joc. cit., p. 131) 
points out that his proposed mechanism does not satisfactorily explain why the action of ozone 
on certain olefins does not lead to the formation of keto-hydroperoxides. Application of the 
same principles to a rwitterion (VI) derived from a non-tertiary glycol would similarly lead to 
the expectation of its transformation into an acyloin as an alternative to the observed “ glycol- 

That a cyclic intermediate is an essential step in the lead tetra-acetate reaction has been 


interpreted by 


as (I) would be analogous to the lead compound (V) formerly postulated by Criegee (loc. otf.) as 
the immediate precursor of the fission reaction; an analogous stage has been assumed to account 
for the Malan 

Ref 

v? ; 
demonstrated by Criegee : the specific effect of acetic acid in retarding the lead tetra-acetate 


1910 Rigby : Oxidations with Sodium Bismuthate : 


such an effect would not perhaps be explained so simply by using Dewar's bimolecular 
formulation. Further, the difference in reactivity of cis- and trans-glycols (Criegee, loc. cit. ; 
Criegee, Bachner, and Walther, Ber., 1940, 73, 571) would be difficult to account for if the 
oxidation process occurred in an open-chain compound such as (IV). Mechanisms such as: 


—»  2(R),CO + PbiOAc), + OAcm + H* 


are therefore excluded. As soon, however, as the second hydroxy! group of the glycol became 
associated with the lead atom, the way would be open for the appropriate electron transfers to 
take place, and it is conceivable that they might occur practically simultaneously with ring 
closure and elimination of acetic acid 

As an explanation of any of these reactions, the two-stage free-radical mechanism proposed 
by Waters (Trans. Faraday Soc., 1946, 42, 184) seems less probable; Criegee and Biichner (Joc. 
cit, p. 666) have pointed out that the initial reaction with quadrivalent lead compounds cannot 
be a simple dehydrogenation, and Dewar (/oc. cif.) has brought forward criticisms of Waters's 
mechanism for the lead tetra-acetate reaction which seem irrefutable. The difference in 
reactivity of cis- and trans-compounds is also a difficulty. 

While the mechanism outlined here is suggested as being applicable in the cases defined, there 
is no reason to suppose that there can be only one path for the transition glycol ——> fission 
products, independently of the oxidising agent used, and it is reasonable to conclude with Waters 
(Nature, 1946, 158, 380) that reaction of Fenton's reagent with pinacol to produce acetone 
involves free radicals. 


EXPERIMENTAL. 


Sodium Hismuthate — Technical or laboratory grades of sodium bismuthate were used in the earlier 
pe a yy different batches varied in colour from pale buff to pink and reddish-brown; dark grades 
ed to be rather less reactive than the lighter ones. Only two samples failed to give a pure white 
temuth shoaphate after reduction, the product being grey in these cases. It was later found that the 
analytical-reagent grade offered definite practical advantages: its bulk density is about half that of the 
ordinary grade rod it ts free from grittiness. Although it is claimed (Sc and Stobbe, Z. anorg. 
Chem., 1041, 247, 392) that it is possible to prepare sodium bismuthate of virtually 100% purity, com- 
mercially available material has an oxidising capacity equivalent to about 82-85% of NaBiO,; very 
o8% sam which had suffered much exposure were no worse, and AnalaK samples had a titre of about 
he relatively few published methods for analysis of sodium bismuthate for available oxygen 
are mn entirely satisfactory. A convenient method involves oxidation of Fe**; this gives consistent 
results and is preferred for routine analysis, the results are reasonably close to those obtained gravi- 
metrically by a process involving the oxidation of ethylene glycol to formaldehyde and weighing this as 
its dimedon derivative Somewhat higher (2%) figures were obtained by a commercially-used ic 
assay, but, as no re t Att itself for spuriously low results being obtained by the 
iron method, the fault wotably ‘es with the iodometric method. 
Amalyss—(a) Preferred method. The sample (0-45 g.) was swirled with ferrous te solution 
(25 ml.; 0-126». in 4s-sulphuric acid) and a dozen }” glass beads until dissolved, the s breaking u 
any gritty particles. After addition of phosphoric acid (5-10 ml. of 85%) the solution was titra’ 
with 0-IN-potassium dichromate (freshly prepared diphenylamine indicator). A blank determination 
was carr out 
(b)} Gravimetric method. The sample (0-3-—-0-5¢.), in a 100-ml. graduated flask, was swirled with water 
(20 ml.), phosphoric acid (1 ml. of 3)m.), and ethylene glycol (0-04 mol.) until the solid became completely 
white (ca. 5-15 minutes), a known volume of glass beads being added if necessary. The mixture was 
diluted to volume and allowed to settle. Portions (25 ml.) of the filtered supernatant liquid were 
diluted to 50 ml, adjusted to pH ca. 4-5 with sodium acetate—acetic acid, and heated in the steam-bath 
for } hour with dimedon (0-2-—0-3 g.) in alcohol (2 ml.). The precipitate was dried at 60° and weighed. 
The small correction was applied for the volume of bismuth —;, a produced 
Typical results, obtained with a sample of AnalaK sodium bismuthate, were (a4) 85-1; (6) 86-1% of 
NafiO,. Bell (/., 1948, 994) pointed out that certain grades of dimedon are liabie to give high results 
in (semimicro-)formaldehyde determinations. no correction was apphed in these bismuthate assays. A 
third analytical procedure, favoured by a commercial sw — of sodium bismuthate, involving liberation 
of iodine from potassiam iodide in hydrochloric acid solution was found to give still higher results (ca. 
87%, of NaBiO, for the same sample) 
hoven Tec hnical material was purified (cf. Eigenberger, J. prakt. Chem., 1931, (ii), 180, 75) by 
being boiled for 7 hours with 10%, of x-hydrochloric acid while acetaldehyde was removed by an air- 
stream, the product was dried (KOH) and distilled over sodium. Such material was inert to sodium 
bismuthate. technical dioxan reduced sodium bismuthate under the usual experimental conditions, 
giving rise to formaldehyde 
2-diol.cycloHexene (41 was vigorously stirred under a reflux condenser with 
osmium tetroxide solution (5 mi. of 1%,), and 100-volume hydrogen peroxide (60—65 ml.) was added very 
slowly (1 drop per 5 seconds) at 67°. After a short initial period when mixing was poor, perched wy 
formed a uniform emulsion under the v yus stirring and the heat of reaction maintained the 
temperature. in some experiments a amount of cyclohexene remained undissolved at the end. 
Water was removed at reduced pressure and the residue distilled from an oil-bath. The material 
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22 it 130° to 160° /4 mainly 130—140° solidified, and on crystal- 
fom ethyl acetate of gave the #7 


trans-<cycloHexane-1 2-diol (ct. Boeseken and Elsen, Rec 1929, 48, 369).—-A solution of 


y 
45° the solution was heated in a lung water-bath with u little spent 
the perchromic acid test became negative. Water was distilled off, fi 
(200 mil.) and bydrogen chloride (1—2 g.) or acetyl chloride ml.) were 
trans-diol tion from benzene or methy! ethy! ketone 

The distillation residue 


105-5" (63 37 
colourless (Found : C, 


b. p. 210-5—211-5", 


After 
removal of excess of acetic acid, the residue was heated for | hour with a slight ees epdvoniae 
solution, to hydrolyse the ester, and the glycol was then extracted with ether. Removal of the ether and 
extraction of the residue with boiling water yielded almost pure frans-diol, which formed colourless 
needles, m. p. 112-5113", from water or ethyl acetate. 

Small-scale Expervments.—The glycol (0-01 mol.), pasbelt. ethan bismuthate (0-01 mol. as deter- 
mined by titration), 34™-phosphoric acid (6-7 ml.), and water or dioxan (or both) (ca. 10-20 mi.) 
were shaken in 100-ml. stoppered bottles on a reciprocating machine until the bismuth compound was 
completely reduced (disappearance of the orange- colour). If required, the bottles could be 
covered with layers of asbestos paper and heated to about 50° by radiation from an electric fire su 
above the machine. The bismuth phosphate was removed by filtration, washed with water or alcohol, 
and, by treatment with the appropriate reagent, the carbonyl d was isolated from the filtrate as 
a derivative which was recrystallised if necessary. In the following list, in parentheses after the name of 
the glycol, the solvent, the time for complete reduction, and the temperature are given 

Ethylene glycol {water (15 ml.), hour, room temperature) gave formaldehyde p 
hydrazone, m. p. 178——179° (> ~ 90%), or the dimedon derivative, m. p. 189-—190° after alesteg atl 
(~100%). Glycerol 1-benzy! ether, b. p. 157-5°/3 mm. {water (15 .), ? hour, 20° wave, after the oil 
ra? had been extracted with ether, benryloryacetaldoxime as colourless tablets (from hight petroleum 

p. 64—65° (Found: C, 65-4; H, 67; N, 865. C,H,,O.N wires C, 654; H, 67; N, #5 
tartrate [water (10 ml.), 34 hours, 17—18") gave glycollaidehy phenylhydrazone, m. p. 128-1 
(94%) (m 131-5° after recrystallisation from methyl! cis- or 2-diol 

dialdehyde dioxime, m. p. 177—178° (70 trans-Tetralin-1 2-diol, m. p. lis’ 
6 hours, 40"), gave o-2-forme bis-2 : 4-dimstrophenylhydrazone, small red lozenge shaped 
crystals, m. p. 253° (decomp.) (unchanged on as from cresol) (77%) (Found: C, 50-6; H, 
38; N, 20-8 one, 50-5; H, 3-5; N, 21-45); alternatively it 
bis m. from alcohol (Found C, 762; H, 59; 17 
requires C, 77h ; H, 65; N, week) Pinacol hydrate (water (15 ml.), 3 hours, 30-40") 
acetone eh 2 4-dinitropheny ydrazone, m. p. 123-—124° (99%), after separation of aqueous acetone 
the reaction mixture ‘etilation. H m 138° (purified dioxan (15 mi.), 54 hours, 
50”), gave benzaldeh yihydrazone, m. p. 158° (75%). lic acid (water (25 mil.), 34 hours, 
room tem gave benzaldehyde pherylhydrazone, m. p. 158° (64%). acid 
‘water (25 ml.), }--4 hour, room temperature] gave acetone 2 ; 4-dinitrophenylhydrazone, m. p. 124— 
125° (82%), after separation of aqueous acetone from the reaction mixture by distillation. Benzilic 
acid oe acid (15 ml.) (phosphoric acid being omitted), 1} hours, 50-60%) gave benzophenone, m. p. 
49° (99%), of 34™.). 

A similar series of experiments was carried out by shaking lycols we mol.) with sodium 
bismuthate (0-01 mol.) in glacial acetic acid (usually 15 ml.) Patil ti the redd 
bismuth pentoxide dissolved to give a clear solut the b enaee by prec 
5—46 ml. of 3}"-phosphoric acid, the 0 
similar to those recorded above 

Lactic acid (0-05 mol.) in water (25 ml.) with sodium bismuthate (0-01 mol.) and phosphoric acid 
(6 ml. of 34m.) was rapidly oxidised, the mixture warm. The evolved gases were led into a 
solution of 2: 4-dinitrophenylhydrazine (0-01 mol.) vt sulphuric acid (2 ml.) and alcohol (15 ml.), ~ 
when the reaction slackened the remainder of the alde’ was driven over by yh rhe Fmt 

telding acetaldehyde 4-dini m. p. 148° (1-6 g., 72% 


threo-9 10-Dihydrox (001 mol), prepared by the method of Scanlan and 

Swern (ioc. cit.), in glacial acetic acid (15 ml.) was shaken at 40—45" with sodium bismuthate (0-01 mol 
until the The uct was transferred to a separator with water (40 ml. 
mi. portions). To the water-washed extract was 

in the minimum of warm (purified) dioxan, and the mixture 


, 


acetic ack (ca | 3 moils.), made by beating acetic acid (480 mi.) and 100-volume hydrogen per . 
Piso g.) at 80-85" for | hour (Scanlan and Swern, ]. Amer. Chem. Soc., 1060, GB, 2305), was added in 
100-ml. portions to cyclohexene (82 g.) stirred with occasional cooling as needed to keep the temperature 
H 
trans-/ etralen-1 : 2-dsol.—Crude dihydronaphthalene 
naphthalene with sodium and alcohol, was entdied with peracetic a 
| 
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was refluxed for 10 minutes and cooled. After some hours, excess of reagent (ca | g.) was filtered off and 
the solution was distilled to dryness oe The residue, dissolved in warm methy! alcohol 


26 mi.), was warmed type carbonate (2 g.) in water (10 mi.), and water 
150 (20 trom meth 


alcohol or technical 
ophenylhyd: 196°, as yellow needles. 


(Found C, 51-4; ON , requ N <i 


Benzoin (0-01 mol.), sodiam bism: Col ma. si glacial acetic acid (12 mi.), and acid 
(6 ml. of 34m.) were shaken at 40-60", After filtration, mixture was 
steam-cisti The distillate (250 mil.) yielded 
from the distillation yielded benzoic acid (0-25 g.. 22%) and unchanged benzoin 
experiments, in which phosphoric acid was omitted or dioxan-aq i 
sumilas resulta, as did working solvent extraction 4-Methoxybenzoin similarly 
phenythydrazone, m. Tr { g.. 64%), p-anisic acid, m. p. 184° (0-85 g., 56%), and unchanged 
4-methoxybenzoin (0-6 ) 

Glycerol (0-03 mol.) in water (25 ml.) with phosphoric acid (6 ml. on) ea ole eats 
(0-01 mol.) within 2 or 3 minutes at room temperature. The bismuth phosphate was filtered off and 
washed with water. Half of the filtrate (25 mi.) was heated on the water-bath for 10 minutes 
with dimedon (0-005 mol., 2-4 g.) in alcohol (10 ml.) and then cooled, and the crystals (4) filtered off ; 
the filtrate similarly treated a further 0-006 mol. (A), 
m. p. ca, 180°, consisted mainly of the formaldel derivative yey a mainly of the 
derivative. {4) with 65% alcohol (156 ml.) and bot the formal- 

hyde compound, m. p. 189-190" and simular treatment of (3) with 70% alcoho! (20 mi.) left a 
residue of 0-4 g. of the same (total yield The alcoholic extracts on cooling deposited respectively 
65 and 1-4 g. of fairly m. p. 215-—220°, and a further small amount was 
obtained fre the uors benzene (5 ml.) gave a 
54% alcohol), m. p. 228-—-229° (Found: C, 71-5: 

80. requires H, 7-95%), from 2 : 6-diketo-4 4-dimethyleyclo- 
Since the a hee hyde d is y soluble, and the glycoll- 

aldehyde derivative i aparingly in warm bensene, Seem 


70% alcohal, the two-stage formation of the derivatives was Piveenyt oth 
—Carefull -benzy!l ether p . mm.; 


Fawbourne, Gibson, and 1981, 488, man) (007 mol.) was stirred 
with water (250 ml.) and um bismuthate (4 mol.) while a solution of phosphoric mphoric acid (110 
im water (20 ml.) was added gradually during 4 hour, the temperature being kept at 17—-18° 
cooling-bath. The bath y~ then remov 
further } hour, d which the 
mi.) wi t removal of the bismuth . 
successively, water, potassium hydrogen carbonate tion, and water, and evaporated. Water was 
removed by distillation with benzene, and the residue was fractionally distilled ha l4-cm. Fenske 
colama, yielding benzyloxyacetaldehyde, b. p. 121°/15 mm., 112°/10 mm. (6 5 %) (Palfray and 
Sabetay, Bull. Soe. chim., 1937, 4, 960, give b. p. 115° /15 mm.) [Found : equiv. (hydroxylamine =. 
chloride titration), 151-4. Calc. for C O,: equiv., 150), and materials, b. p. 112°/10 mm. to 170°/5 
mm. (1-7 g.), and 170°/5 mm., preauinalily une glycerol benzyl ether (7-5 g.)}. The aldehyde 
gave an oxime, tablets, m 6445 
Ethyl Glyosylate Alcoholeie —Recdistilled ethyl tartrate, 156-5°/12 mm. (51.5 025 mol), was 
stirred with water (120 mil.) and thate (0-25 mol.), and a solution o ‘phosphoric acid 
5. «. of be’ %) in water (20 ml.) was added gradually during 4 hour, the temperature being kept at 
and then the reaction was completed by stirring for a further 4 hour at 35°. The bismuth 
acaba was filtered off and washed with aleohol, the filtrate treated with calcium carbonate (30 g.) 
and again filtered, the cake be washed with alcohol. The filtrate (540 g.) was concentrated 
distillation, finally at ca. 30° /20 am , through a Vigreux column. After ition of alcohol (100 ml.) 
and excess of benzene the solution was decanted from salts. Water and alcohol were removed azeo- 
tropically through a 28-cm. Fenske column, and the product was distilled under reduced pressure The 
fraction of b P ca. 70°/30 mm. was redistilled at atmospheric pressure through a small Fenske column, 
giving ethyl glyoxylate alcoholate, 137-5" (lit., 136—138°) (37-5 g.,51%). Fractionation was very 
te the azeotropic distillation, but much less so 1f excess of alcoho! 
was prey, 
Cyelse Monoacetal with cis-cycloH exanediol —A solution of trans-cyclohexane- 
12 oe m. p. 105° (29 ¢., @25 mol.) in a mixture of water (75 ml.) and phe ric acid (100 mil. of 
34M.) was covered with sodram-<dried ether (125 ml.), and sodium bismuthate (0-125 mol.) was added in 
2 portions with stirring, the temperature being k at 30°. When reduction was almost complete, a 
further 50 ml. of 3j™-phosphoric acid was added and then the remaining sodium bismuthate (0-125 mol.) 
in 2 portions, and stirring was continued at 30° until the reaction was ended (ca. | hour). Without 
filtration, the mixture was transferred to a separator with water, the ethereal layer separated, and the 
aqueous aoe a —- with ether (2 = 100 ml.). The ethereal extract was with a little water, 
dried (NaS wated, and the product distilled under reduced pressure through a 1 
Fenske c« ~ Po ipic dialdehyde, b. p. 97-5°/12 mm. (14 g., 49%) (oxime m. p. 177-178"), and 
4 resinous residue. mobile aldehyde became viscous on storage 
In a similar experiment with the cis-diol, m. p. 97-56—09° (29 g.). 
reduced even after 2 hours and the action to have stopped. 
(yield 55%) consisted of mm. (23%), and cis- (5- 


“ 
scous on storage for some weeks. The 
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corresponding 2 


nt of imp rity was readily removed by 


crystallised as golden pla’ 102-— 
C, 447; H, 62; N, 140. 
acetal-aldehyde im aqueous alcohol with lamine and neutralisation 
technical 


177-178 (Found : C, 0-2; H, 17-7 H, &4 

0-1 mol rin (190-200 ml) (0108 mal) was ade in 
ture until a clear solution 


"). After dilution with water 

25, and 20 mil.), the benzene solution 

depositing ca. 1 g. of unchanged acid when kept at 0° ; extraction, as used by Scanlan and Swern 
. eit. analogous the unfavourable partition coefficient of 
, about 400 mi. of 


. b. p. ydrazone, m. p. 106°, an 
. p. 62—63°. Evaporation of we from the steam-distillation 

a yellow oil (16-5 g.), crude azelaic aldebyde-acid, which formed a crystal magma on storage 
ecunm-datifiation of this sasterial yielded only 3 g. of azelaic aldehy: ~acid (b. p. ca. 145° /3 mm., m. p. 
ca. 35°), which gave a 2 : 4-din yihydrazone, m. p. 122-—122- The residue contained consider- 
ernatively, the iil wat vacuum-distilied 


.F olumn, yielding omic acid (8%), 
and azelaic aldehyde-acid (15%). procedure 
remained unchanged on storage, that direct fractionation of the oxidation products soon set 

rystallised from alcohol 


to a mass of ofthe term p which readily rec 
(Found : C, 75-0; H, 12-6. Cale. forC,,H H, 12-8%) 


The author thanks Miss A. R. Cumming for assistance in the preparation of some of the glycols. 
Birxerck Lonpon, E.C.4. |Received, December 22nd, 1949.) 


390. Experiments Relating to (Estrogenic Indenes. 
By D. S. Morris. 


A new synthesis of prepared to acid is described. 

Some new indenes have been and shown to possess it astrogenic activity. 
Solmmsen (J. Amer. Chem. Soc., 1943, 65, 2370) and by Silverman and oy oe Ben Th bp 
1946, 11, 34; cf. Davies and Morris, J., 1947, 1697) as an intermediate in the synthesis rare 
cestrogenic indenes. It is now shown that m-nitro-a-p-nitrophenylcinnamic acid is readily 
prepared by the Perkin reaction and reduced to the diamino-acid catalytically or by ammoniacal 
hydrogen sulphide. When diazotised, etc., this is converted into the hydroxy-acid, which on 
further reduction and methylation yields 8-m-methoxyphenyl-a-p-methoxyphenylpropionic 
acid. 

Silverman and Bogert, and Solmmsen (/occ. cit.) experienced difficulty in the demethylation of 
(I) to (II). They observed that (II) was unstable in the free state (probably giving a quinone) 


(HL) 


but that its diacetate was stable. After failure by many other methods Silverman and Bogert 
obtained (II), but only in 2—3% yield, by essentially the same technique as that use by Solmmsen, 
te., by heating the dimethoxy-compound with hydrobromic acid in an atmosphere of carbon 
dioxide. Solmmsen’s preparation was, however, shown by Silverman and Bogert to be impure. 
It was considered that dealkylation might be achieved in better yields if the process could be 
accomplished with simultaneous acetylation since the diacetate of (II) is reported to be stable, 
and that dealkylation of such indenes possessing alkoxy-groups other than methoxy might be 


(1950) 
. 67-4; H, 
to a solution 
addition of a 
small bright orange crys 
running the solution in 
distillate being collected The separated benzene layer yielded on evaporation and distillation, pelargon- 
4 q 
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carried out more readily (cf. Trownow and Ladinga, Ber., 1929, 62, 2844). However, neither 
hydrogen iodide in presence of acetyl iodide nor hydrogen bromide in presence of acetic 
anhydride successfully dealkylates the analogous indenes (III) and it would appear that the 
presence of water is necessary for this operation Nevertheless it has been demonstrated that 
the 6 di is more readily dealkylated than the 6-methoxyindene and it is 
reasonable to suggest that the use of the isoproxy-ethers may result in better yields of dihydroxy- 
indenes 


Dealkylation of 6-isopropoxy-2-phenyl-3-p-methoxyphenylh i 
demethylated substance, probably 6-hydroxy-2-pheny!-3-p-hydroxyphenylindene contaminated 
with the corresponding 3-p-methoxy -analogue 

By the use of appropriate reactants with sodium phenylacetate in acetic anhydride, 
m-methoxy -, m-isopropoxy-, m-benzyloxy -, and m-hydroxy-a-phenylcinnamic acid were prepared. 
These cinnamic acids, except the m-benzyloxy-acid, were hydrogenated to the corresponding 

acids when the sodium salts were used in aqueous solution with Raney nickel as 
catalyst; the free acids sesisted hydrogenation in alcohol. Hydrogenolysis of m-benzyloxy-a- 
phenyleinnamic acid accompanied hydrogenation of the double bend and the product isolated 
was acid. 1-Phenyl-2-m-methoxy- and -2-m-iso- 
propoxy-phenylpropionic acid were readily cyclised to 5-methoxy-* and 5-isopropoxy-2-phenyl- 
indanone respectively, and these in turn were converted into 6-methoxy- and 6-isopropoxy-2- 
phenyl-3-methylindene. 1-Phenyl-2-m-benzyloxyphenylpropionic acid was by 
benzylation of the hydroxy-acid, but attempts at cyclisation by stannic chloride resulted in - 
debenzylation ; a trace of a ketonic phenolic substance was found in the alkali-soluble fraction, 
but the 2 ; 4-dinitrophenylhydrazone isolated was impure. Phosphoric oxide and a solution of 
the acid in benzene was likewise unsatisfactory and ice-cold concentrated sulphuric acid caused 
debenzylation. Two alternative approaches were made to 5-benzyloxy-2-phenylindanone. 
The first consisted of an attempt to protect the phenolic group of 1-pheny!-2-m-hydroxyphenyl- 
propionic acid by benzoylation ; however, the phenolic group in this acid was highly unreactive 
towards benzoyl chloride in pyridine and the sole acidic reaction product was benzoic acid. 
The second consisted of the acetylation of a-pheny|l-m-hydroxy- to a-phenyl-m-acetoxy-cinnamic 
acid which was hydrogenated in acetic acid in presence of platinum oxide catalyst, presumably 
to the corresponding propionic acid. The last, an oil, was treated with stannic chloride but 
failed to yield a ketonic product. 

It is worth noting that many of the cyclisations carried out in this field might have been more 
effectually performed if liquid hydrogen fluoride had been available (Johnson, “ Organic 
Reactions,’ Vol. Il, p. 157; Solmmsen and Wenis, J. Amer. Chem. Soc., 1948, 70, 4197). 

Substituted a-phenylcinnamic acids have not previously been examined for activity, despite 
their stilbenoid structure. Hunter and Kormann (/. Amer. Chem. Soc., 1948, 70, 3424) have 
recently reported that «$-di-(p-hydroxypheny!)-a-methylvaleric acid (IV) is active; it combines 
structural characteristics common to hexerstrol (V) and doisynolic acid (VI), and may also be 
regarded as a substituted 8-phenylpropionic acid 


| 
(av) 
The biological assays, which were carried out by Dr. J. M. Robson, will be reported in detail 
elsewhere. However it may be stated that in initial assays (5 mg. per mouse) m-hydroxy-a- 
phenyl and -a-p-hydroxyphenyl-cinnamic acid, and a-phenyl-$-m-hydroxyphenyl- and 
a-p-methoxypheny!-§-m-methoxyphenyl-propionic acid were inactive, Activity at the 
S-mg. level were observed with 6-methoxy- and 6-hydroxy-2-phenyl-3-methylindene and 
with 6-hydroxy-2-phenyl-3-p-hydroxyphenylindene 6-1s0Propoxy-2-phenyl-3-p-methoxy- 
phenylindene exhibited no activity. None was active at the l-mg. level. 


EXPERIMENTAL. 


yi. Aad.—Potassium p-nitrophenylacetate was by addition 
of an alcoholic solution of p-nitrophen ic acid (18-1 g.) to an aqueous solution of potassium carbonate 
(6-9 g.), followed by evaporation to dry under reduced pressure. The residue of crude potassium 


* Por assignment of structure see Silverman and Bogert (loc. cif.). 


Me 
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Raney nickel (20 g.). Six moles of hydrogen were 


powder ( 70-0. C,H 
requires C, 70-0; dervaiva was pale bad ‘coloured 
mp. (decomp. (Found: ©, C,H 67-5; H, 63; 

b) By reduction of wih A stream of 
ammonia were com , cooled, 
jal acetic acid 
gave an acid (0-3 g.), m. p. and mixed m. p. 207—-208°, identical with that obtained by hydrogenation as 


m-Hydroxy-e-p-bydrosyphenyicinnamic Acid.—The crede amine (2-66 g.) in a suspension of dilute 
uric acid [concentrated acid (3 c.c.) and water (24 c.c.)) was diazotised at 0° with a solution of 


ium nitrite (1-4 g.) in water (5c.c.). ice-cold solution was added drop-wise to a boiling solution of 
—- acid [concentrated acid (3 c.c.) in water (24 c.c.}}. The solution was boiled for 10 minutes 

a little charcoal and filtered hot. The filtrate when deposited ye 
were recrystallised from hot water to m. p. 230° (decomp.) (Found 

#8. C,,H,,0, requires C, 70-4; H, 4 Two er bsations from 
needles of a Aydrate, m. p. 256° (Found 656 requires C, 65-7 
The acid (0-25 g.) in water (5 c.c.) and benzoy’ 

(0-7 g.) for 2 hours. The oil obtained was acidified, washed with water, and 6 ci aplnaienate 
crude acid extracted with sodium carbonate solution. Addition of dilute hydrochloric acid then 
precipi ipitated the dibenzoate which crystallised from aqueous alcobol in small plates, m. p. 195° (Found ; 

H, 560. C O, requires C, 76-0 434%). 

Acid and Methylation of the Product.—The 
acid (0-5 g.) in an excess of aqueous sodium hydroxide was hydrogenated in presence of Raney nickel. 
The ca was removed by filtration, the filtrate acidified with hydrochloric acid and extracted with 
ether, the ethereal] solution extracted with aqueous sodium ao carbonate. By acidification 
of the alkaline solution and extraction with ether, an oil 
readily crystallise. It was soluble in hot water and aqueous 
alcohol. However, when methylated in alkaline solution with an excess of methy! sulphate, a crystalline 
acid (0-3 g.), m. p. 104°, was obtained. A mixed m. p. with m-methoxy-e-p-methoxypheny!-§-m- 
— yipropionic acid obtained an alternative Jn wiy showed no ‘ 

ybenzaldehyde (61 g.) in a solution of sodium (11-5 g.) in 

alcohol (200 c.c.), isopropy! bromide (61-5 g.) was added and the mixture refluxed for 5 hours 
residue obtained by removal of the solvent was taken up in ether, a See 
solution, dried, and distilled, to give an oil (43 g.), b. p. 110--113°/2 mm. (Found: C, 73-6; H, 7-45. 
C,H ,,0, requires C, 73-2; H, 7-3%). 

m-Methory- Acid.—(a) Sodium phenylacetate (1 @ 
(58 g.), and glacial acetic acid (500 c.c.) were heated under reflux at 1 6 hours [cf. Solmmsen's 
procedure (loc. cit.) for the analogous preparation using sodium p-methoxyphenylacetate}. The uct 
was worked up by pou it inte water end the oll wes ieclated. The aqueous portion was acid 
gave phenylacetic acid. he oily oe was digested with sodium carbonate solution and extracted with 
ether. Acidification of the aqueous alkaline ea act, and 
from the ethereal solution m-methoxyben: de was obtained by d: wer evaporation, distillation. 

(6) Sodium phenylacetate (15-8 g.), m-methoxybenzaldehyde (13-6 g.), anhydrous sodium carbonate 
(6 &.). pyridine (0-6 c.c.), and acetic anhydride (10-6 ¢.c.) were heated 2 hours at 180°. The cooled 
product was diluted with water (300 c.c.), made a with sod hydroxide (30 c.c.; On ), and 
digested on the water-bath for 30 minutes (cf. the ure given in “ Organic 


dilute hydrochloric acid to give a white crystalline product (5 g.), m. p. 191-192" (from ethy! alcohol) 
(Found: C, 750; H, &8. C,,H,,O, requires C, 75-6; H, 5-5%). 
m-Methoxybenzaldehyde (90 g.), sodium phenylacetate (25-2 acetic anhydride (34 g.), and 
(1 c.c.) were refluxed for § hours at 160—1 On working up of the product as in (b) above, 
id (20 g.), m. p. 191—-192°, was obtained (this method involved using an excess of the aldehyde and 
was based on the procedure of Bacharach and Brogan (J Amer. Chem. Soe., 1928, §@, 3533) for the 


iso Propory-a-phenylconnamic —4soPropoxybenzaldeh (41 
40¢.), acetc (160 pyridine were heated wader relax for hours at 100100" 
prod cooled somewhat, dilu ited with water (200 c.c.), boiled for 10 minutes, er 


(Fou C, 76-5; H, 5-8. C,H C 


anhydride (260 c.c.), -nitrobenzaldehyde 
with water, digested on the water-bath for 30 minutes, and cooled to room temperature. The residue 
obtained by filtration was extracted with hot aqueous sodium carbonate, and the mixture filtered and 
acidified with dilute hydrochloric acid to yield a crude — ae which was filtered off and washed 
C,,H,,0,N, requires C, 57-3; H, 3-2; N, 5-9%). 
ydrogenation of the dimitro-acid. The above 
at room temperature and pressure in presence of 
bed. Removal! of the catalyst and most of the 
p. 262, for the “oe of ephenyicinnamic acid). The mixture was cooled and extracted with 
ether and the alka. ine layer acidified with dilute hydrochloric acid. The acid product obtained was 
hot, bet insoluble in cold, alkali; acidification of its aqueous solution gave a crude acid which was 
(400 c.c.) to give pale yellow 
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m-Benrylosy phewyl Acid.—m- Benzyloxybenzakieb ( 

1936, 1533) (21-2 sodium phenylacetate (15-6 ), acetic (200 ¢.c.), and 
heated at 150-1 for house, gave an arid (19g) 181-1 (Found : C, 80-2; 
requires C, 80-0; H, 56%). 

Acid. —m-Hydroxybenzaldehyde (244 g.). sodium 
(31-6 g.), acetic anhydride (130 c.c.), p 
mixture was cooled somewhat, diluted with water (200 ¢.c.), and digested on the water-beth for 
10 minutes. with 


acidification, dissolved in sodium 
bonate sola’ (28 g.), m. p. 187-—188° (Found : 
Cc, H, CyH yO, 


60%). 
Phenyl proptomic tien of 
(19 g.) sodium carbonate solution was made just alkaline 
shaken with hydrogen at room and presence of 


O, requires C, 76-0; H, 


m-bensyloryphenylpropromsc Acid. i ic acid, hydro- 

44; 59. Cult 40, requires C, 74-4; H, 5 

needles mp. 78°. identi 


Hieazy! bromide (27-2 g,) was added and the mixture refluxed for 8 hours. The mixture was 

uted with water, made alkaline with sodium hydroxkle solution (40 c.c.; ome). oe 
waten-tath ter § house. The product was taken up in ether, and the alkaline la —— separated and 


5&- Methoxry 2-phenylindanone --a- yeheny acid > ra 
(100 ¢ ¢.) containing pyridine (3 drops). and thiony! chloride (10 g.) were warmed water-bath for 
benzene (50 c.c.), and evaporated to after each addition. 
benzene (100 c.c.), and the solution to 5° and treated with a solution of stannic chloride (22 g.) in 
After 90 minutes with intermittent shaking, the product was worked up by it 
on ice and extraction in ether. The ethereal solution was washed successively with dilute hydrochloric 
acid, water, and sodium carbonate 
from alcohol in small needies (12 g-). m. p. 115 Cc H,69. C,,H,O — 
Cc, #6; H, & . The 2: formed needles, m. 236°, 
alcohol (Pound; C, 68-1; H, #2; N, 144. requires C 4%). 
6-iso Propoxy-2-phenylindanone— -Reaction as ve 
(14 g.), m. p. 124—-125° (Found; C, 81-0; H, 7-2. H, 68%). The 2: 
formed plates. m -p — aqueous alcohol (Found : Nise. 


g-) in toluene (100 c.c.) was 

fodide (9-6 g.), magnesium (1-6 g.), ), and ether 
The same procedure was used as in the previously described Grignard reactions and the 
was as needles (8 g.), m. p. 98-—99" (from alcohol) (Found: C, 86-7; H,69. C,,H,,O 


) ve 
tes (2 g.), m. p. 86° (from alcohol) (Found: C, ; H, 7-2. ~ UD requaesC. 80-4. 


ON, requires N, 12-6 


— Prepared similarly, this obtained 
(4 45-146" (from alcohol) (Found. C, 83-7; H, 6-9. 


Attempted Cyclisation of a- Phenyi-B-m-bensylosyphenyipropromc Acid.— (a) By the technique used in 
the previous cyclisations, «-pheny!- -B-m-benzyloxyphenyl acid (4-5 g.) was converted into the 
acid chloride benzene with stannic chloride (5 g.). When 


worked up as before, the non-acidic tion (4 g.) consisted of a gum containing benzy! chioride and no 
ketonic derivatives could be prepared. The alkali-soluble fraction (0-2 g.) was divided into two 
ome which was soluble in aqueous sodium carbonate and the other in - sodium bydrox 


former on long storage in aqueous-alcoholic solution afforded a-phen -B-m- ydrox Miproponic a. 
m. p. and mixed m. p. 75°. The lather gave rise to an 4-di 


ra (darkens at 140°) (crystallised from alcohol) (Found : 
Cy, UN, requires C, 62-4; H, 40; N, 13-99%). 

(6) «-Pheny ipropionic acid (1 ¢g.), oxide (2 g.), and benzene 
See ae ee 1 hour, gave a non-ac gum from which no derivative 
could be 

(e) The acid (1 ¢.) was slowly added to concentrated sulphuric acid (2 c.c.) at —5*° and stirred for 
30 minutes, the temperature being kept below &. The mixture was poured on ice and the acid extracted 
with sodium carbonate solution. None of the starting material was recovered and the oily acid obtained 
slowly crystallised after 2 weeks. The m. p. and mixed m. p. identified the product as m-hydroxy-e- 
phenyleinnamic acid. 


kcinnamic acid 
When this was 
an oil (19 
loo 200°; 
at 
acidic ol 
; After a | 
Proproms 
added 
(30 cx 
imdene 
requires ©, 56:4; H, 65% 
6-iso Prop 
as 
3, 
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acetic 
c.) reflux 


acetic anhydride (1 and 


. p. 163—-153°. Analysis indicated that this 
827; H, 67. Cak. for C,,H,O: 

(e) was trea 

was alkaline 


there 


from aqueous alcohol (Found 
incomplete ( 
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391. The Synthetic Application of Phenylarsinebis(magnesium Bromide). 
Part I. The Synthesis of isoArsindolines, Tetrahydroisoarsinolines, 
and 2-Arsaperina phthanes. 

By M. H. Beesy, Geratp H. Cooxson, and Freperick G. Mann. 


It is shown that the above Grignard reagent, Ph- As(MgBr),, reacts with o-xylylene dibromide 
to give 2-phenylssoarsindoline and with o-(2- )benzy! to give 
: 3: 4-tetrahydroisoarsinoline. The high of each compound makes this 
preparation superior to previous methods. he reacts with | 
brommethyInapithalene 2-phen its a new type of 
ie briedy discussed. 
PHENYLARSINEBIS(MAGNESIUM BROMIDE), Ph-As(Mgbr),, was first prepared by Job and Reich 
(Compt. rend., 1923, 177, 56) by the interaction of phenylarsine, Ph-AsH,, and ethylmagnesium 
bromide in ethereal solution. Later, Job, Reich, and Vergnaud (Bull. Soc. chim., 1924, 85, 1404) 
showed that this reagent reacted with 2 : 2’-dichlorodiethy! sulphide to form 4-phenylthiarsine (1) 
in 7% yield. Blicke and Oneto (J. Amer. Chem. Soc., 1935, 57, dome 
m bromide, Ph,As*MgBr, using however phenylmagnesium bromide 


diphenylarsinemagnesiu: 
advantageously in place of ethylmagnesium bromide. 
Phenylarsinebis/magnesium , prepared by Blicke and Oneto’s modified method, 


5 minutes, afforded only gums and none of oS indene was recovered. A similar result was 
observed when the 6-isopropoxyindene was used when either indene was treated in a similar manner 
on the water-bath. 

(b) The 6methoxyindene (0-5 glacial 
by bromide in acetic acid (2 ¢.c.) wer 
A crystalline product was o wiln we and 
aqueous alkali for 30 minutes. The alkali-soluble fraction crystallised as pale greenish-brown needles 
(F 63%). From the neutral fraction the 
6- from aqueous alcohol. 

~~. product was isolated though a faint 
tur’ > 
methoxy- nor the 6-ssopropoxy-indene was 

vered and bo Pp pre Uct Was ODlAID 

acid (70 c.c.) and water (15c.c.). This solution (20 c.c.) was used in the dealkylation ments shown a 
separated into phenolic and fractions by dilution with water and extraction with sodium hydroxide. A 

Refiux time, Phenolic Neutral M.>p. of phenolic 

6-isoPropoxy. 900 148—149" 
G-Methoxy- 4 148 
4 460 200 147148 

and crystallised from alcohol to a buff- 

C, 86-4; H, 63. 1 The 

its, with the exception of the last, were shown to be the 
original 6-alkoxyindenes. Io the last experiment only, an oil was obtained from the neutral fraction. 

Dealhylation of indene (0-5 was heated 
wader with the hydrogen bromide (2 for 6 hours and the product as 
The crude phenolic fraction (0-35 g.) was a buff-coloured solid and was purified by percolation in ether— 
benzene through a columa of alumina. Elution with benzene-alcohol was necessary and the product 

89-7; H, requires C, 84-0; H, 63%). Beatkyiation 
13. C,,H,,O, requires 
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i.s., by the interaction of phenylarsine and phenylmagnesium bromide, has recently been used 
by Cookson and Mann (/., 1949, 2888) for converting o-phenylbenzyl bromide, Aer 
into phenylbis-o-phenylbenzylarsine, Ph-As(CH,C,H,Ph),, in almost theoretical yield. 
on the lines of Job, Reich, and Vergnaud's earlier work. 

It has been shown by Lyon and Mann (/., 1945, 30) and by Lyon, Mann, and Cookson (/., 
1047, 662) that 2-phenylisoarsindoline (II) can be prepared either by the action of o-xylylene 
dibromide, C,H,(CH,Br),, on phenyidichioroarsine in the presence of sodium, or by the thermal 
decomposition of the quaternary salt which the dibromide forms with phenyldimethylarsine. 


CHy-CH, cHy 
<M 
H,~-cH, 
H. 
(a) 
These methods furnish the crude isoarsindoline (II) in 19% and 60% yield respectively. We 
now find that a third synthetic route is available, for o-xylylene dibromide reacts with a coki 
solution of phenylarsinebis(magnesium bromide) to give the crude isoarsindoline in 80% yield. 
This method is therefore the most efficacious of the three. 
It would appear from this result that the reaction is of the simple character : 


When however this reaction was carried out with o-xylylene dichloride instead of the dibromide, 
the isoarsindoline (II) was obtained in 40% yield, 
dichloroarsine (ca. 15%) and also a small quantity of s-trib Jodod iene (III), the 
hydrocarbon that Baker, Banks, Lyon, and Mann (/., 1945, 27) had obtained by the action of 
sodium on o-xylylene dibromide. 

The origin of the phenyldichloroarsine is uncertain, but the following mechanism for the 
formation of these by-products is suggested. In addition to the main reaction (i), it is possible 
that one (or both) of the chlorine atoms of the o-xylylene dichloride directly displaces the 
magnesium bromide portion of the Grignard reagent, with the formation of phenyidichloro- 
arsine (reaction ii), A portion of the o-xylylene magnesium derivative undergoes direct 
decomposition to give the hydrocarbon (reaction iii). If both the chlorine atoms in the o- 
xylylene dichloride undergo replacement by magnesium bromide (reaction iv), the two products 
may undergo further interaction to form the isoarsindoline. It should be emphasised however 
that there is at present no evidence that the isoarsindoline is formed by reaction (iv) rather 
than by the more simple direct reaction (i); indeed this appears improbable, since Blicke and 


CHC! 


PhAs(MgBr Ph 


Oneto (Joc. est.) state that the di-Grignard reagent, o-C,H,(CH,MgBr),, does not react with 
diphenylbromoarsine, Ph,AsBr, whereas o-xylylene dibromide reacts readily with diphenyl- 
arsinemagnesium bromide, Ph,As*MgBr, to give the diarsine, o-C oH, (CH, AsPh,),. 

Evidence for the formation of compounds of the type shown in reaction (ii) is by 
the interaction of o-(2-bromoethyl)benzyl bromide (IV) and the Grignard reagent. Holliman 
and Mann (/., 1943, 547) have shown that the dibromide (IV) reacts with phenyldichloroarsine 
and sodium to give pure 2-phenyl-1 : 2: 3: 4-tetrahydrotsoarsinoline (V) in 31% yield based 
on the dibromide used. We find furthermore that the dibromide reacts smoothly with cold 
phenyl (mag bromide) to give the crude isoarsinoline (V) in 70% yield. In 


Mg Br 
Hy 
(cnc + MgBr,+ MgCl, . . . . (iii) 
Hy/, 
Joan, 
AsPh 
/ 
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addition to the isoarsinoline (V), however, o-(2-bromoethy!)toluene (VI) is formed in moderate 

CH, Br 


(tv. 


reaction of the bromomethy! group in the dibromide (IV) with the Grignard reagent thus : 


This is of course analogous to reaction (ii). The compound (VII), if it underwent no farther 
immediate reaction, would on subsequent hydrolysis give (VI). 
ethyl group in the dibromide (IV) would favour the formation of the monomagnesium bromide 
(VII) : if however a further reaction occurred to a small extent, and both groups were to give 
this same reaction, the traces of o-ethyltoluene which would be formed on hydrolysis would 
escape detection in the subsequent isolation of the products. 
_It is noteworthy that, although Job, Reich, and Vergnaud (loc. cit.) found that phenyl- 
bis( bromide) reacted with both carbonyl chloride and ethylene dibromide 
with the formation of arsenobenzene, we find that the above reaction with cold oxylylene 
dibromide produces no detectable amount of arsenobenzene, and that the cold dibromide (IV) 


PhAsBr, + PhAs(MgBr), PhAs:AsPh+2MgBr, . 


gives only a very small quantity. When however the dibromide (IV) was added to a benzene 
solution of the Grignard reagent at 70°, the yield of the crude isoarsinoline fell to 38%, and 
. It is probable that at this higher temperature the 

phenyi- 


Grignard 
that when the dibromide (IV) was heated with phenyldimethylarsine, the isoarsinoline (V) was 
formed in only 8% yield, and, for the synthesis of this ring system in particular, the arsine- 
Grignard method is far superior to the other available methods. 

To illustrate further the application of the arsine-Grignard reagent for the synthesis of 


(VIL) (VIL) (ix. 


always gave also the highly stable 2-oxaperinaphthane (alternatively named 1 : 3-naphtho- 
[1 : 8ed)pyran) (IX). When the dib P (VIII) was treated under the usual 
conditions with phenylarsinebis( 


stability, 
evicted with the formation of 2-iodoarsaperinaphthane (X ; R= I). This reaction is 


\/ * “H, 
ch, CHYCH,Br 
CH,),"Br _ 
arsinebis(magnesium bromide) to form the arsenobenzene (reaction v) : we have some evidence, 
at present incomplete, that the interaction of these two compounds at room temperature is slow. 
Apart from the mechanism of the reactions involved, however, the synthetic value of the 
was obtained as an oil which could not be crystallised, nor could it be distilled without decom- 
position even in a high vacuum. It was characterised as its crystalline methiodide, 2-phenyl- 
2-methylarsoniaperinaphthane iodide, and as its palladochloride derivative, dichlorodi(2- 
phenylarsaperinaphthane)palladium, {(C,,H,,As),PdCl,). 
The heterocyclic ring in the 2-phenyl compound (X; R = Ph) possesses considerable 
precisely 
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analogous to the conversion of imto 2-iodowoarmndoline (Lyon, Mana, 
and Cookson, joc. cst.) and of 2-phenylé lune into (see later), and it 
of considerable synthetic value, as the todo-group could clearly now be replaced by any desired 
The absorption spectrum of the methiodide of 2-phenylarsaperinaphthane is shown in the 
adjoining Figure. This spectrum proved almost completely identical with that of 2-iodo- 
thane, which in consequence is not depicted. The fact that these spectra should 
be virtually identical indicates clearly that the absorption is only very slightly affected by the 
asture of the groupe joined to the arsenic, and by the valency state of the arsenic itself. This 
is further confirmed by the fact that the two marked absorption bands in the spectrum of the 
methiodide are almost certainly the two typical bands of naphthalene, but displaced to wave- 
lengths longer by 10-12 my. This point is of considerable 
cera cama importance, because it provides indirect confirmation for 
Cookson and Mann's suggestion (Joc. cit.) that the marked 


absorption band shown by the methiodide of 10-pheny!-9 : 10- 
dibydroarsanthridine is probably the characteristic dipheny| 
band similarly shifted by ca. 16 my. but (in this case) reduced 
in intensity. As @ corollary, this would stronger 
evidence that the two o-phenylene groups in the 9: 10- 


posi’ 

further work is required before the complete 
ae of the reaction of pbenylarsinebis(magnesium 
bromide) with organic halides, and also the limitations 
attending its use, are fully understood. It is noteworthy 
that we find that, when the arsine-Grignard reagent reacted 
with either bromoacetonitrile or with bromoacetone diethyl! 


phenyldibromoarsine. Ethyl bromoacetate gave the same 
products, but in addition a 5°, yield of the required tertiary 
xy methylarsine 


™ 


di(pheny|biscarbethoxymeth wO,As),PdBr,). Ethylene oxide ap- 
peared to react with the Grignard reagent, but no definite products could be isolated. 


EXPERIMENTAL. 


alwa weighed first and the amounts of the other reagents then accordingly adjusted. The 
involved, with typical — of reagents employed, is described now and applies to all subsequent 
experiments. <A stoppe nitrogen-filled dropping-funnel was weighed, and the phenylarsine (11-1 

.), which had been stored under carbon dioxide, was transferred to the funnel which was again weighed. 
transference was most conveniently performed by forcing the arsine by nitrogen pressure up into 
a vertical nitrogen-filled pipette, the tip of which was then inserted deeply into the funnel before the 
arsine was released. Under these conditions very little oxidation occurred. For large-scale work, how- 
ever, the arsine was oned directly from the storage vessel to the funnel by nitrogen pressure. Dry 
benzene (70 c.c.) was then added eanwhile a Grignard reagent was prepared by the action of bromo- 
benzene (24-8 g., 2:2 mols.) in ether (45 c.c.) on magnesium (4 g., 2:3 atoms) under ether (7 c.c.). The 
Grignard reagent was boiled under reflux for 15 minutes and then cooled, and the air displaced by 
nitrogen. The reagent was then chilled in ice-water and gen stirred whilst the arsine—benzene 
minature was added during 10-15 minutes, heat being evolved during the reaction. The formation 
of the arsine-Grignard reagent was completed by 30 minutes’ boiling under reflux and then cooling, 
nitrogen being passed over the mixture throughout. The solution, which was very sensitive to moisture 
and air, was quite clear bat dark in colour. The second reagent was added at 
bromobenzene in the formation of the arsine-Grgnard reagent alwa uced a small quantity 
. if the latter proved difficult to separate from any of the products, ethyl bromide was 
used in place of the bromobenzene 

2- Phenylisoar - () A solution of o-xylylene dibromide (23-6 g., 1 mol.) in benzene 
100 ¢.c.) was added to the stirred solution of the arsine-Grignard reagent, prepared from phenylarsine 
15-3 g., | mol.), at such a rate that no appreciable rise in temperature occurred. The complete mixture 

wee thon boiled boiled under reflux for 90 minutes, during which fine white crystals , and was then 
qualed in ice-water, whereupon much of the crystalline material redissolved. solution was then 
hydrolysed by saturated aqueous ammonium chloride solution, and the pale yellow organic layer was 
collected, dried, filtered, and distilled under a carbon dioxide atmosphere throughout. The following 


ketal, the only products isolated were arsenobenzene and 


PhAs(CH,CO,Et), ; 

= however, since this compound was a liquid it was identified 
solely as its crystalline palladobromide derivative, dibromo- 

| 


ine N-pemtamethy! 
deposited, after 
taken. F terial. 
tion (oom 


reagent (4-5 ¢.. 
and the mixture was 
bodied The layer, 
distilled at 0-3 mm., gave two main fractions : p. 73-77" (0) 140-145" (4-72). Prac 
(a) contained bromine and was identified as the bromoh 4 by ~ ale 
urethane as 2; N, 448. 
N, sam 
1239) gave the 


and (b) containing the crude tsearsinoline 


(b) gave the almost pure tsoarsinoline, he 


in benzene (30 ¢.c.) was added of 

from (3-9 g., 1 mol.) and mai a 
aoline gave the pa purified hydro trate 

the arsoniom 


decompo 
pheny! (4 .. | mol.), on gentle heating, 
salt, which was then slowly ted under reflux to 1 mm. dering hours. the 
temperatures, a liquid refluxed in the condenser and 
was then distilled at 0-2 mm. 
was ible: (a) b. p. 9—100", (6) b 
which contained bromine, when oxid 
nitrate, PhMeAs(OH),NO,, which after from 
ve colourless crystals, m. p. 146° (Found . C, 32-6; H, 3-4: N, 64. Calc. forC,H,O,NAs: 
38; N,5- Burrows (J. Proc Roy. Soc. New South Wales, 1935, pin. 
- is little doubt therefore that fraction (a) contained crude phenyhmethylbromoarsine, although 
insufficient h itrate for 


rification 
The addition of ether (or benzene) (othe remainder of fraction (a) and to fractions (6) and SH oe 
ated yidimethylarsine bh , Pr , which 


nds. 

were concentrated and oxidised, 2-pheny?-1: 2:3: 
hydroxynitrate , being obtained after ree from 
alcohol and dilute nitric acid. its idestity as confirmed i by mixed m. p.. but the yield was very low. 

Repetition of this experiment gave an 8%, yield of the peer. one obvious that the 
arsonium salt decomposition method, which is so valuable in the ssoarsindoline series, is not a practicable 


tive method in the tsoarsinoline series. 


Removal of the solvent 


is hot skcohol; the solid 
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fractions were collected at 0-15 mm. : b. p. —110"°, dibromide (1-8 ¢.); @) b. p. 116— 
recrystallised from alcohol (cf. Lyon Mann, thd and 
hydresyritr ary a the yield of crude tsoarsindoline is therefore 84% and that of the pure 
te 
(535 g., I mol.), and o-xylylene (6g. I mol.). The organic was again col , dried, 
and and the solvent then cemoved.” The cell of a viscous oi] containing a 
from alcohol; they had =. to 181—185° when mixed with an authen 
of the y Me gee (111) of m. p. 188°, of material prevented further recrystallisation. 
viscous liquid, when distilled at 0-1 mm., gave the fractions: (¢) b. p. 70-110" (mainly 75— 
m. p. 146-—147° (mixed an } 
tition experumen 
(9 g., 1-1 mol.), gav thons 
| containing the bromo 
/0-2 mm. (10-2 &-. 72%) On _ redistillation 
132° /0-1 mm. (7-7 g., 54 
(ii) A solution of the 
Grignard reagent prepas 
75 g.) was obtained, a 
igher 
roduct 
ration 
on (a) 
31-9; 
There 
re was 
colourless crystals, m 152153 
43%). This « was conve 
hydriod 
2 hours. The cold product was diluted with water and extracted with ether. 
left the 2-iodo-arsine as a red oi] which did not solidify. Saieiiicuntemens en 
identified by reaction with piperidine N-pentamethytenedithiccarbamate 


N-pentamethyleme- 
N, 40. S,As requires C, $10: H, 40%). 
wad the ethar belied so that the ester was transferred to 
uring 6a. wag, was cooled to 0", hydrolysed with 10% sulphuric acid, 
The diol (V11), being almost insoluble in ether, was thus Te ge 
y! alcohol, colow . m. p. 162—154" (Pound: C, 765; H, 63. C,,H,,O, 
requires C, 765; H, 64%) (12-1 g.. %)- The above excess of the hydride was found to be 
essential in order to avoid contamination of the dicl with u ester : 
1: 8-Bisbromomethyinaphthalens (VILI).——A mixture of the diol I) (13-6 g.) and hot 


material which separated was and recrystallised from benzene, the Gun c. Vill) 
thus obtained as large colourless crystals, m. p. 128—-129-5" (Found : C, 46-1; H, 3 C,,H,,Br, 
45-9; H, (5-6 g., 25%). 


The benzene mother-liquor was ev ted and the residue, when rec from light petroleum 

p. 0-80"), fu well-tormed compact crystals of 2-oxaperinaphthane (1X), m. p. 80-——81° 

‘ound: C, 847; H, 68. Cale. for CyH,O: C, 847; H, 50%) (2-8 23%). o ready method 
the conversion of this ether into the dibromide (VIII) was found, and the origina! conversion of the 
diol (VII) was when acetic acid was used as a solvent. 

2. Phenyilar maphthane (X; K « Ph).—A solution of the dibromide (VIII) (6 g.) in warm 
benzene ( was added to an agitated solution of the Grignard reagent prepared as before from 
phenylarsine ‘a | g-) and maintained at 0". The complete mixture was boiled under reflux for | hour, 
cooled, and hydrolysed with 10% sulphuric acid. The organic layer was separated from a small quantity 
of arsenobenzene and dried (N , and the solvent removed. The pale brown residual gum (3-5 g., 
Oe ont boil below 180° /0-1 mm. and could not be obtained crystalline. 

ortion was dissolved in warm methy! of acetone poe . It was 

from alcoho! containing a small proportion as a mono-alcoholaic, 
m. 196-109" in a pre-heated bath (Found: C, 52-05; H, 4-75. As,C,H,O requires C, 52-7; 
H, 50%). When substance was heated at 100" 0-41 mm. for 10 hours, the solvent-free salt, of 
unchanged m. p., was obtained (Found: C, 51-15; H, 40. C,,H,,IAs requires C, 50-06; H, 4-0%). 

An acetone solution of the arsine, when treated with an aqueous-alcoholic solution of potassium 

readily furnished )palladsum as an orange powder 
ble in all common solvents. It was washed with water, —— and hot benzene in turn, and was 
Cl,As,Pd requires C, 54-7; H, 3-8%). 

y! derivative and t hydriodic acid 


made a - The cold partly- 
alcohol, w 


phenylarsine (11-1 g.), much heat being initially evolved, The bailed under 
reflux for 3 hours, a reddish-brown gummy material bei - Hydrolysis of the cold product, 
performed as usual with 10% sulphuric acid, did not the precipitate. The organic layer was 
worked up as usual, and after removal of the solvent the cusldee was extracted with acetone, leaving a 
residue of arsenobenzene, m. p. 213-216" (1-45 g., 13%). The acetone solution, when carefully dist 
at 0-5 mm., gave a number of indefinite fractions, all of which were liquid, contained bromine, and did 
not crystallise or apparently form a methiodide. The presence of phenyidibromoarsine in some of 
the fractions was proved by conversion into the bisdithiourethane, m. p. 173—174° (mixed and unmixed). 
Reaction with Bromoacetone po Ketal.—-This ex mt was performed as the previous one, 
using the ketal (20-8 § 2 mols.) and phenylarsine (10- The acetone extraction afforded arseno- 
benzene, m. p. 214-215" (63 | aod Distillation the organic liquid again afforded indefinite 
fractions, one of which was crude phenyldibromoarsine (6-3 g., 28-5%). The latter was identified (a) 
ee | treatment with a small proportion of piperidine N-pentamethylenedithiocarbamate, 
reby phenylbromoarsine-N ethane, colourless crystals, m. 125—-127°, from 
gthy! acetate (Found : C, 37 25; N, 36. requires $675; H. 38: N, 
6%). was obtained, (b) ._— with a larger proportion of the reagent, whereby the usual 
Siedbhinenthane m. p. 173—174° obtained. The relation between the two products was con- 
firmed by the ready conversion of the first into the second on treatment with the dithiocarbamate. 
Reaction with Ethyl Bromoacetate.-The usual method was empl , using ethyl bromoacetate 
(10-7 g., 2 mols.) and (955 ¢.). Arsenobenzene (3-1 g.. 33%) was isolated, and distillation 
of the liquid organic we gave the crude arsine contaminated with phenyldibromoarsine, which 
could not be readily ated by distillation. The crude redistilled arsine, b. p. 137—144°/0-5 mm., 
when suitably treated with potassium ladobromide, gave henyl (bi scarbethoxymethyl- 
orange crystals, m. p. 110—111°, from ound: C, 36-85; H, 42; 
C,,H,,O,Br requires C, 36-6; H. #1; The phenyldib was 
ied in the usual way 


aieaniees indebted to Dr. KR. N. Haszeldine for spectroscopic measurements and to the Depart- 
ment of Scientific and Industrial Research for a grant (M. H. B.). 
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solid product was washed with water, and then extracted with 7 
crystals of the 2-todo-arsine, m (prelim 
C,H, 1 As requires C, 40-5; H, 28%). 
Reaction with Bromoacetonitrile._A solution of bromoacetonitrile (16-5 g., 1-9 mols.) in benzene 


been recorded by Cookson and Mann (/., 1949, 2008), who showed that a calculation based 
cyclic ring excluded the possibility of a planar molecule, and that the two benzene rings subtended 
an angle of ca. 34°. On the other hand, the spectroscopic evidence indicated a certain degree 
of oscillation of the benzene rings about the planar position, since two of these compounds 
showed an absorption band which was probably the characteristic absorption band of diphenyl 
slightly displaced and reduced in intensity. The diphenyl band is considered to owe its origin 
to excited states arising from ionic structures in all of which the two benzene rings of diphenyl 
are linked by a double bond and are hence coplanar; the reduced intensity of this band in the 
dihydroarsanthridines would thus imply a certain oscillation about this coplanar position. 


oc 


(IIL) 


are termed 6-substituted 6-arsa-1: 2:3: : 
oP oe ane 2’ -bisbromomethyldiphenyl (IV) by the method of Hall, Leslie, and 
, 1950, 711) provides a simple approach to compounds of type (11), for we find that 
pound (IV) reacts smoothly with phen 
6-phenyl-6-arsa-1 : 2: 3: 4-dib lohepta-1 : 3-diene (II; 
of m. p. 118-—118°5°, and also phenyidibromoarsine as a by-product. 
bered 


6-phenyl compound (II; K « Ph) has however considerable stability, 

and thus gives 6-iodo-6-arsa-l : 2:3; 4-dib : B-diene, pale yellow crystals, 


: it has already been shown to occur in the isoarsindolines, the | : 
; and the 2-arsaperinaphthanes (/., 1947, 602; 1950, 1917). 

A study of the stereochemistry of molecules of type (II) reveals several points of interest. 
If the bond-lengthe and the atomic radii etilieed by Cookson and Mana (lec. cit.) are applied to 
he rugty = Mann, J., 1940, 1184), calculation shows that the two benzene rings subtend 
an angle of 63°; moreover the intervalency angle within the ring at carbon atoms 6 and 7 
becomes 110°, and the ring is presumably almost strainiess. A model based on these dimensions 
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392. The Synthetic Application of Phenylarsinebis(magnesium Bromide). 
Part II. The Synthesie and Properties of 6-Substituted 6-Area- 
1: 2:3: 4-dibenzcyclohepta-1 : 3-dienes. 
By M. H. Beesy, G. Mann, and E. E. Turner. 
The synthesis of -G-arsa-1 2. 3: 4-dibenzcyciohepta-! 3-diene and its conversion 
by the ‘action of acid into, the are dexribed The probable 
i of the central heterocyclic ring in these compounds indicate that the two outer 
benzene rings are locked at an angle of 63°, and that the compounds therefore possess molecular 
aaa This absence of co-planarity of the benzene rings is strongly supported by the 
K 
As 
K 
In view of these results, considerable interest attached to compounds of type (II), in which 
the heterocyclic ring has been increased by the addition of another CH, group; such compounds 
can be regarded systematically as derivatives of 1 : 2: 3 : 4-dibenzeyclohepta-1 : 3-diene (III), 
atom, although compounds containing a seven-membered ring consisting of carbon and two 
arsenic atoms are known (Glauert and Mann, J., 1960, 682). The heterocyclic ring in the 
group with any desired alkyl or aryl group. This fission of a phenyl group directly attached to 
an arsenic atom which is part of a ring system, without injury to the system itself, appears to 
f 
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shows that the central heterocyclic ring locks the two non-planar benzene rings in position, and 
that no rotation of them about their common axis is possible. When the tertiary 

’) arsine forms a quaternary salt, ¢g., the monomethiodide of 6-pheny!-6-arsa- 

3-diene (alternatively named 6-pheny!-6-methy!- 

Als ia-1:2:3:4 yelohepta-1 : 3-diene iodide) (V), the intervalency 

tS «so p- angle within the ring of the arsenic atom almost certainly increases to ca. 109°; 

Pe“ Me since however there will be a simultaneous shrinkage of the interatomic As-C 
(Vv) distance, the process will probably be without notable effect on the angle 


; the spectrum of 10-phenyl-10-methy!- 
ihydroarsanthridinium iodide (B), having the band at 269 mu., 
and Mann, loc. cit.); and the spectrum of 6-phenyl-6-methyl-6-arsonia-1 : 2 : 3 : 4-dibenzcyclo- 


Fis, 1. 


hepta-1 : 3-cliene iodide (V) (C), in which this band isentirely absent. Fig. 2 gives the absorption 
of the 6-iodo-derivative (II; K = I); this also shows no sign of the dipheny! band, and 
the absence of rotation about the common axis of the two benzene rigs in those compounds is 
thus strikingly confirmed. It is noteworthy that the spectra of the quaternary metitiodide (V) 
and the 6-iodo-compound (II; R = I) although closely similar are not identical, wherein they 
almost completely identical (cf. previous paper 
possess molecular dissymmetry : the formation of a quaternary salt such as (V), having two 
dissimilar groups joined to the arsenic atom, does not produce an asymmetric arsenic atom, but 
the molecular dissymmetry of course persists. Such compounds should therefore be resolvable 
into optically active forms, a possibility which is now being investigated. 


EXPERIMENTAL. 


2: 3: 3-diene (11; R = Ph).—A solution of 2: 2-bis- 
bromomethyidipheny! (IV) (8 in benzene (30 c.c.) was ad 
sobetion of the arsine-Gngnard reagent prepared from phenyiarsine (3-65 g., mol.) poaceding pepe). 
The complete mixture wus stirred at room temperature for 30 minutes and then boiled under re 
bhour. After comma dy hydrolysis with ammonium chloride solution, the organic layer was separated, 
dried, and evapora The semi-solid residue, when recrystallised from alcohol, gave the arsime (TI: 
R Ph) (3-55 ¢., 66%), m. p. 112-—115", increased to 118——118-5S° by further recrystallisation (Found : 


Spectroscopic evidence confirms these considerations. In Fig. 1 there are shown for 
comparative purposes: the absorption spectrum of diphenyl (4), having the characteristic 
Pro. 2. 
» 
. 
c 
1:3. todade. 1: 3-diene. 


The Baker—Venkataraman Transformation. 1925 


486% aleobolic solution, requires C, 72-3; 
The treated with wah piperidine 


(N 
mixture with an authentic sample. nid 
i: 


(pre 


measurements, and to the Department of 
Research for a grant (M. 

Univenrstry Lasoratory, CAMBRIDGE. 

Untverstty of Lonpon (Brprorp (Received, March 30th, 1060.) 


393. Further Experiments on the Mechanism of the Baker- 
Venkataraman Transformation. 

By J. E. Gowan and T. S. Wueecer. 


“ Crossed " were not isolated when a mixture of two o-aroyloxyacet was 
transformed in same solution by the Baker-Venkataraman method into o-h 


ydroxydiaroyl- 
—o The absence of these products indicates that the reaction is intra- and not inter- 


Doyie, Gécan, Gowan, Keane, and (Proc. Roy. Dublin Soc., 1948, 24, 201) showed 

that the Baker-Venkataraman transformation of o-aroyloxy (I) into o-h 

poe ra (III) (Baker, J., 1933, 1381; Mahal and Venkataraman, /., 1934, 1767) is 

probably a base-catalysed intramolecular Claisen condensation involving the transition 
The nature of the catalysis is scarcely in doubt since a variety of bases ranging 


sociation of (II) into the anion (IV) and the aroyl cation (V), which latter condenses with an 
anion (IVa) similar to (IV), to form (IIT). 


O-CO-R 


, 332). 
N. 
afte 

A mixture o arsine iodide was Dotied um 
Recrystallixation of the residve from methyl alcohol 
dibemscyclohepia-\ 3-deene rodsde (V) as ing lost methyl alcohol at 
ca. 104 C, 51-9; H, . After 2 hours’ heating 
at 128°/0-1 mm. the solvent-free iodide, m cus (ound 
C, 63-18; H, 43. requires C, 53-7; + 

When a benzene solution equimolecular 
bromide was boiled under reflux for | hour and cooled, colourless crystals of 4-6 pchloro- 
4-dibenscyclohepia-| 3-diene bromide separated. Recrystallisation from 

benzene gave crystals which retained benzene even when heated at 60°/0-1 mm. for 2 hours; 
heating at 100° /0-1 mm. for 3 hours ultimately 
110118" (Found ; C. 50-0; H. 6-0. requires C. 60-4; H, 41%). 

A mixture of the arsine and hydriodic acid of constant b. p. was boiled under reéux for 2 hours in a 
carboo dioxide atmosphere. Tee was Sem the ond the 
when washed with water and recrystallised first from alcoho! and then light petroleum (b. p. 80— 
C RK = 1) as yellow crystals, m. p. 
117-11 7-6° (Found C, 442; H, 32. requires C, 44-0; H, 32%). 

CO-CH,CO-R 
(LLL) 
= = 
xX +rto 
Vv.) 
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This paper describes experiments, the results of which indicate that the reaction is intra- 
molecular and (V) is never free during . The method employed is that used by 
Ingold and Kidd (J., 1933, 964) in an investigation of the mechanism of the benzidine change. 
A mixture of o-(p-nitrob yloxy)acetoph (VI) and of 2: 4-dib yloxy 
(VII) was transformed in pyridine solution by using powdered potassium hydroxide. The resulting 
was treated with stannous chloride in hydrochloric acid to convert any nitro-flavone formed into 

corresponding amino-flavone. 

If the reaction is intramolecular, (V1) will give (XI) with intermediate formation of (VIII) 
and (X), and (VII) will yield similarly (1X) and thence (XII). On the other hand, if aroyl ions 
become free during the transformation, (XV) and (XVI) will also be formed. Compound (XV) 
will produce The four flavones (XI), 
(X11), and (XTX) can be separated by suitable this 
was confirmed by starting with a mixture of (X), (XII), (XVII), and (XIX) which was reduced 

and (XII) only, and a mixture of (XIII) and (XIV) yielded exclusively (XVIII) and (XIX). 
The fact that each mixture gave “ it’ as opposed to “ crossed ” products indicates that 
the formation of (VIIT) and (TX) only from (VI) and (VII) is not due to the complete instability 


( OH 


Hy N 


(VIEL) (VL) 


| 


(XV) and (XVI) 


(ONC 


On 
i Hy f 


(X.) (XL) 


Soluble in acid. 
OCH Hy /COMe 


(xv) 


(VIII) and (TX) 


Hof 


NOD 


(XVIE) 


Hy 

oO 

(XVIIL) 


Soluble in acid and alkali. 


Full lines show intramolecular reactions Dotted lines show wntermolecular reactions 


of (XV) and (XVI); and similarly for the formation of (XV) and (XVI) from (XIII) and xr”). 
The identity of the various flavones was confirmed by mixed-melting-point determinations with 


“yo-cors 
H, COMe 

/ 
| 
x “(x.) 

i 

(XI) 

i Soluble in alkali. 

= 

4 (XIV.) 

You 

(yy 
oO 
|| 
ee Insoluble in acid 
and alkali. 
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authentic specimens. In the synthesis of these specimens no striking difference was observed 
in the rate of transformation of the four esters (VI, VII, XIII, and XIV) involved. If one ester 
of a pair in a mixture transformed much more rapidly than the other, it might be that all the 

ing free aroyl ion (IV), if formed, would have recombined to form the straight diketone 
before the slow transformation of the second ester would have sensibly progressed (see Ingold 
and Kidd, loc. cit.). 

As there is a loss in the various stages of transformation, cyclization and reduction, and, as 
the control experiments show, in the separation of the flavones produced, it is not possible to 
assert that no intermolecular exchange occurs. The evidence, however, is in favour of intra- 
molecular reaction, and it is probable that the transformation proceeds exclusively in this way. 


EXPERIMENTAL. 


4 Benzoylosy-2- (X11) separated when 2-hydrox 
(30 mi.), witch had heated for 


tr hows at 100" book @ hydrochloric acid. 
ester which was recovered after t at 0° yielded 


on extraction 
(Found C, 667; H, 38: N. 34. requires C, 65-2; 3-6 
in a hot mortar, was heated minutes under reflux, oe 
Imethane being obtained 


excess 0%, acetic acid resu ' from ac 
,,0,N requires C, ; HL, 37; 
2- oxy-4-benzoy was (50% yield) thane (Vi 
II) (Baker, loc. cit.), 
(V1) (Doyle al. Proc. Rey. 


Preparation of Authentic Specimens of Flavones.—4'-Nitro- -4-benzoyloxydibenzoyimethane 
was dissolved in concentrated sulphuric acid (cf. Baker, Joc. cit.) and after 4 hours the solution was 
with cooling into excess of water. resulting tate of 
separated from glacial acetic acid in ligh Forty %) which melted at 
Venkataraman (Proc. Indian Acad. 7, 26, 279) give m. 
7-Hydroxyflavone (X11) was similarly obtained (96 


mixture of 4-nitro-7 wone (03 g.), stannous 
chloride (1-5 g.), and concentrated hydrochloric acid (10 ml.) was heated 30 minutes under reflux. 
the solution was made strongly the drop-wise addition of aqueous ammonia (d 0-880) and 
concentrated at 100°, ot be 4 
and i 


separated from 


Test of T 
reflux with stannous on then 


beyond pH 1, t-hydroxyflavoue (0-39 é) separated (B). It ted by treatment for 15 minutes 
at 100° with acetic anhydride (10 parts) and pyridine (10 parts). product was into excess 


of 10% hydrochloric acid. alcohol melted at 
an authentic imen of T-acetoxyflavone 


aci rendered deposited a 
solid (0-18 g.) which melted at 228—229"°. 4'-Aminoflavone has m. A. ar (Bogert and 
us, loc. cit.). when 
from light (b. p. 40-60"), favone with m. p. 07° (lit., 
Experiments on Transformation of of Mixtures. —(1) Stmulianeows tr ansformation of 0-(p-mitrobenzoyl- 
oxy)acetophenone (V Vil). A mixture of o-(p-nitrobenzoyloxy)- 
ty 4-dibenzoyloxyacetoph (1 g.), powdered potassium hydroxide (1 g.), and 


i 
f 
Flavone (XIX) was synthesized by the Baker-Venkataraman method from o-benzoyloxyacetophenone in 
one 
solution to precipitate the base from the solution of the hydrochloride (cf. Doyle ef al., loc. eit., p. 304). 
yellow needles ae melted at 233-234". Bogert and 
92) give m. p. 234—236° 
neutralized to Congo-red with concentrated a ammonia and — overnight at 0°, a yellow 
335°; 4'-amino-7-hydroxyflavone melts at 338—340° (A and Venkataraman, joc. cit.). 
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yellow solid 
Adler 4 hours the solution was aided with cocling 


sodium hydroxide (2 x 50 mi.) (C) and the combined extracts acidified with concentrated hy drochioric 
The (O27 g.) was acetylated as described above for 
ition from methyl alcohol melted at 129° and did not depress the 


etoxyflavone 
above) was neutralized to Congo-red with concentrated 
see (C) | dissolved 10% hydrochloric 
| of Sawone (RIKI. and on treatment with 10% 


depress the m. p. of an authentic specimen of 4 4’-aminoflavone (X 
° stophenone (XIV) and 4 
x (Lg) 


trated aqueous ammonia and kept overnight at 0”. crude yellow solid (0-09 g.) melted at 300-—320° 

) 


The thanks of the authors are offered to the Minister for Education (Republic of Ireland) for the 
award of a maintenance allowance to J. E.G. Analyses are by Drs. Weiler and Strauss (Oxford). 
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394. The Heats of Hydrolysis of Chloral and Bromal, and the 
CC Bond Dissociation Energies in Chloral and Bromal. 
By H. O. Parrenarp and H. A. Sxrener. 


From measurements of the heats of reaction of | Se ee ae 
«xtium hydroxide at room ture, the following values (kcals. mole) were obtained for the 
heats of formation hq) = 82:1, Gute (x + 20-7), where « is the 
id bromoform estimate of keal. is given, 

Br ,C-CHO, liq.) = 21-2 keals, mole. 

he C-C bond dissociation energy in chioral is calculated at 62 kcals. role, and a similar 
value is found for C-C in bromal on the assumption that the C-H dissociation energies are the 
same in bromeoform as in chloroform. 


Boru chloral and bromal react readily at room temperature with aqueous alkalis, according to 


the equation : 
X,C-‘CHO + NaOH(aq.) —> X,CH . . . . (2) 
(X% Cl or Br) 


From the measured heat of reaction (1), it is possible to derive the heat of formation, 
QA{X,C-CHO), of X,C-CHO. By combining the Q,(X,C-CHO) values with other thermal data, 
the heats of dissociation of the C-C bonds in these compounds can be derived. 

The heat of reaction of liquid chloral with aqueous potassium hydroxide was first measured 
some 70 years ago by Berthelot (Ann. Chim. Phys., 1877, 12, 536; 1880, 20, 521), whose 
results agree substantially with those given in this paper. No previous measurements of the heat 
of hydrolysis of bromal have been reported. 


EXPERIMENTAL. 


1928 
and acid 
dissolved 
ender refiax for W minutes with stannous ide (5 g.) in concentrated hydrochloric acid (15 ml.). 
The solid which separated after the mixture had been kept overnight at 0° was treated with concentrated 
(2) benzoylory-2-( 
}, potassium hydroxide (1 g.), and pyridine (25 ml.) was heated 
} under reflux and treated as descr at (1) above up to and including reduction with stannous chloride 
: poudest was extracted with 10% aqueous sodium hy ide (£). On acidification of the extract with 
concentrated hydrochiorsc acid a tranment but no was obtained 
The residue (see (£) above) which was insoluble in alkali was extracted with 10% hydrochloric acid 
was rendered alkaline with 10% aqueous 
! »lid remaining after the alkali and the acid 
, whereupon it melted at 97° and did not 
an 
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ficient packed column; it then had b. p. 97-7—08* mm. The product was distilled mm eacwo 
and collected in 


bromal (a BDH sample) was porited by careful 


The formic and sodium hydroxide were of 


into an excess (750 c.c.) 
the calorimetric system was 


, 1050, 272). poy hanges were recorded in 
element (R, = and tinal resistance of the 
RESULTS. 


Chloral.-The results obtained from 4 measurements of the heat of reaction (0...) of 
chloral with aqueous sodium hydroxide are listed in Table 1. In the final column of this table, 
calculated values of Q,(C1,C-CHO, liq.) are given, which were obtained from the equation : 


liq.) Or(H-CO,Na,aq.) + Or(C1,CH,aq.) — Or(NaOH.aq.) Que (2) 
The terms in Q, appearing on the right-hand side of equation (2) were assumed to have the 
following values : 


275 112-06 kcals. mole * 
= 16612, 


Chemical Substances,” Reinhold, 1936), and that for 04H Ngee .) we obtained by direct 
measurement of the heat of neutralization of formic acid in an excess of sodium hydroxide, 
coupled with an assumed value for the heat of formation of formic acid (“ Selected Values of 
Chemical Thermodynamic Properties," Table 234, Nat. Bur. Standards, Washington). Under 
the conditions of our experiments, the chloroform was formed in aqueous solution, so that the 
appropriate Q, value required in equation (2) is that for dissolved CI,CH. Berthelot (lec. cit, 
measured the heat of solution of liquid chloroform in water as 2°17 kcals. mole, which, combi 
with the value Q,(CI,CH,liq.) kcals. mole" [Nat. Bur. Standards, Table 23-7], leads to 
Q,CI,CH,aq.) = 33°67 kcals. mole", It should be pointed out, however, that the heat of 
formation of chloroform is not known with high precision, and an error of the order of +1 keal. 
is associated with the value we have used. 


Taste I. 
Chloval and aqueous sodium hydroxide. 
R, (ohms). Ry(obms). (keals.). (CiC-CHO, liq.) (keals.). 
685-0 24-57 52-16 
24-63 
2454 
2457 


22-38 
22-40 


Bromai.—The results obtained from 3 representative reactions of sodium 
hydroxide are summarised in Table Il. The values of the heat of formation broma! 
are given in terms of a quantity +, which is the heat of formation of liquid bromoform. The 
value of Q;(Br,CH, liq.) is not known with any certainty at present. In view of the insolubility 
of bromoform in water, correction for the solution heat in this case was not considered necessary. 
and Rossini (op. cif.) estimated Q,(Br,CH, g.) as —6 kcals. mole"', but gave no 
indication of the method by which their estimate was made. 
different estimate, based on an argument of analogy with the case of the chloromethanes. 


1929 
of 0-2~-sodium hydroxide. The reaction vessel was a Dewar flask an 
that described by Pritchard and Skinner (/ 
terms of the resistance changes of a thermis 
« 3347 ,, 

1 3-0156 

2 28556 

3 30844 

4 3-1626 

Mean 2458 52:13 
Taste Il. 
Bromal and aqueous sodium hydroxide. 
Expt. BrC-CHO (g.). 2, (ohms). 

1 43475 1736-8 

2 4-4810 1731-6 

3 5 9530 1751-2 


1930 Pritchard and Skinner: The Heats of 
heats of formation of the chloromethanes are (Nat. Bur. Standards, Washington, Table 23—7, 


First and second differences are listed under 4, and A, If we now assume that 
differences column (4,) is the same in the bromo- as in the chloro-methanes, we i 


This estimate of Q,(Br,CH, g.) = —9 keals. corresponds to a value of ca. + kcal. mole~* 
for the heat of formation of liquid bromoform, so that * = 0°56 kcal. and Q,(Br,C-CHO,]liq.) is 
approximately 21:2 kcals. mole~*. 

Discussion. 

Knowledge of the Q, values in chloral and bromal, combined with other thermal! data, enables 
us to evaluate the energies of dissociation of the C~C bonds in these compounds. If the heat 
required to rupture the bond X,C~CHO is represented by D(X,C-CHO), the relevant thermal 
equation may be written as: 

D(XC-CHO) = X,C-CHO,g.) — — OCHO, g.) - - (3) 
The terms in Q, on the right-hand side of equation (3) are discussed separately below. 

QA(X,C-CHO, g.). These differ from the heats of formation in the liquid state by the latent 
heats of vaporization, Bertholet (loc. cit.) measured (Cl,C*CHO) as 8-1 kcals. mole, 
and, although a direct measurement of for bromal has not been reported, this can be 
estimated as 98 kcals. mole with little likelihood of serious error. Using these values for 
We obtain QCILC-CHO, 440, and Q(Br,C-CHO, g) = 11:4 keals. mole, 

Q¢X,C*,g.). The heat of formation of the -CCl, radical can be derived from two independent 
sources. From studies of the photochemical bromination of chloroform, Braunwarth and 
Schumacher (Kolloid Z., 1939, 89, 184) obtained values for the energies of activation, E,, of the 
forward and reverse reactions : 

(i) CCH + Br —» -CCl, + HBr (E, 10 keals.) 
(ii) CO, + HBr ClCH + Br (E, 6 kcals.) 
from which it follows that the heat evolved in reaction (i) is — 4 keals. [i.e., £,(ii) — E,(i)). Since 
the heat of reaction is numerically equal to the difference in the sums of the heats of formation 
of products and reactants, we may write : 


—4 = + Q(HBr) — O(Br) -Q(CHC). . . . . . 
By use of the values (Nat. Bur. Standards, Washington, Tables 11—-1, 11—2, 1948) Q,(Br) = 
~26°71 and Q,(HBr) « 866, with Q(CHCi,, g.) = 24 keals., equation (4) yields Q,(CI,C*) = 
~ 154 keals. mole" 

A check on this value is provided by the experiments of Miller and Willard (Abstracts 116th 
Meeting, Amer. Chem. Soc, 1949) on the reaction of bromine with carbon tetrachloride. These 
investigators found that chlorine accelerates the bromination reaction, and suggest that this is 
because CCl, radicals can be formed more easily by the reaction Cl + CCl, —-> -CCl, + Cl, than 
by the reaction Br + CCl,-———> ‘CCl, + BrCl. Their results indicated an activation energy of 
18 keals. mole“ for the bromine-atom reaction, and 12 kcals. mole™' for the chiorine-atom 
reaction with carbon tetrachloride. In these reactions the activation energies set an upper 
limit to the endothermicity of the reactions, so that we may write : 


(ii) Cl + CCL, CCl, + Cl, <12 keals. 
(iv) Br + CCl, —» CCl, + BrCl — <18 keals. 


From the heats of these reactions, and known values for the heats of formation of Cl, Br, BrCl, 
and CCl,, it follows that —<15°5 kcals. mole. 


1949) 
following (estimated (, values marked °) 
(kcal, mole). 4, 
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There are no experimental data at present from which a value for Q,(-CBr,) can be 
deduced. However, if we make the reasonable assumption that the C-H bond dissociation energy 
in bromoform is the same as that in chloroform [é.¢., D(H-CBr,) « D(H-CCI,) = 914 keals.), 
we arrive at —48-4 keals. 

Q¢-CHO, g). Roberts and Skinner (Trans. Faraday Soc., 1949, 45, 339) have suggested, 
for the heat of formation of the formyl radical, a value of 0°4 keal., which they obtained on the 
assumption that the activation energy of 26 kcals. for the reaction HCO ——> H + CO measured 
by Gorin (J. Chem. Physics, 1939, 7, 256) is equivalent to the heat of the reaction. It has been 
pointed out to us by Dr. M. Szwarc that the reverse reaction, H + CO -——> -CHO, probably 
requires a small activation energy, in which case the heat of the forward reaction will be slightly 
less than the 26 kcals. assumed by Roberts and Skinner. It seems unlikely that the reverse 
reaction requires an activation energy of more than a few kcals., by analogy with the similar 
reactions H + O,-—> HO, (Bodenstein and Schenk, Z. physital. Chem., 1933, 20, B, 420: 
activation energy, ca. 1°5 kcals.) and H + CH—CH,——> C,H, (Melville, Proc. Roy. Soc., 
in the press; activation energy 2-1 kcals.). If the activation energy of the reverse reaction is 
assumed to be ca. 3 kcals., the amended value for Q,(-CHO, g.) becomes — 2°6 kcals, mole. 

X,C-CHO Bond Dissociation Energies.—We are now able to derive the C-C bond dissociation 
energies in chloral and bromal by substitution of the relevant Q, values into equation (3). The 
results are summarised in Table III, together with other calculated dissociation energies obtained 
by use of the same Q, values for the —-CX, and ~CHO radicals. 


The similarity in the calculated X,C~CHO dissociation energies in chloral and bromal (the 
small difference of 0-4 kcal. between the values given in Table III is probably not real) should be 


linked with our assumption of equivalence in the values D(C1,C~H) and D(Br,C-H). If these 
were not identical, a corresponding displacement would be found between D(CI,C-CHO) and 
D(Br,C-CHO). 


It may be noted that the C-C bond in chloral is some 12°65 kcals. weaker than C-C in 
acetaldehyde. This weakening may be compared with that between the C-Cl bonds in methy! 
chloride (D = 80°7 kcals.) and carbon tetrachloride (D = 69°9 kcals.), and also with the results 
of Davidson and Sullivan (J. Chem. Physics, 1949, 17, 276) who found that the C~Br bond in 
C1,CBr is at least 11 keals. weaker than the C-Br bond in methyl bromide. The reason for the 
reduction in the strength of C-X bonds in Cl,C-X compared with H,C-X is probably (as 
suggested by Davidson and Sullivan) a resonance stabilization of the -CCl, radical, the structure 
of which can be represented as a hybrid between 


a 
d. -t 

4%. 

An alternative reason (that of steric repulsion between the relatively bulky Cl,C group and X) 

encounters a difficulty in that the weakness of Cl,C~Br relative to H,C-Br is no more marked 

than the weakness of Ci,C-H relative to H,C-H. In view of these facts it seems to us that the 


weakness of the C-C bond in chloral arises mainly from the resonance stabilization in the -CCl, 
and -CHO radicals, and that steric repulsion effects are here probably small (of the order 


1—2 keals.). 
One of us (H. O. P.) expresses thanks to the D.S.1.R. for a maintenance grant. 
Cuzmistay Derartment, Untverstry oF Mancuester. (Received, April 20th, 1950.) 


(3 structures) 


Tasre III. 
Qs (kecals.). Qs (CX,). (R). D (X,C-R). 
440 —26 620 
39-8 —321 745 
CBr —18-5° oe —26-7 566 
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395. Some Reactions of p-Tolyl Toluene-p-thiolsul phonate. 


By H. T. Hooxway. 
isulp been shown to react with b 


Recentty the author has drawn attention to the formation of p-tolyl tol -thiolsulphonate 
by the interaction of carboxylic acid chlorides and salts of toluene-p-sulphinic acid (J. Amer. 
Chem. Soc., 1949, 71, 3240). Other workers (Kohler and Macdonald, Amer. Chem. J., 1899, 
$2, 219) by using similar experimental conditions had previously described the isolation of 
products which were thought to be a-keto-sulphones and which were stated to react with 
typical carbonyl-group reagents. It was therefore of interest to investigate the behaviour of 
p-tolyl toluene-p-thiolsulphonate towards reagents such as hydroxylamine and phenylhydrazine. 
Preliminary results (Hookway, Joc. cit.) had shown that in buffered acetic acid solution both 
phenylhydrazine and hydroxylamine reacted with the thiolsulphonate to give, amongst other 
products, a the work reported in this paper is an extension of these 


Annalen, 1912, 391, 56; 1914, 406, 103), breaking down to give the salt of a sulphinic acid and 
a disulphide. It is possible that the formation of a sulphenic acid is an essential intermediate 
step in this decomposition (Child and Smiles, J., 1924, 180) : 

| 

SRSOH RSOHH+RSH....... @& 
RS-OH + RSH RSSR+H,O ....... 


The formation of thiolsulphonic esters by heating sulphinic acids with aqueous mineral acids 
may also be explained on the assumption that sulphenic acids are intermediate products 


(discussed by Kharasch ef al., Chem. Reviews, 1946, 39, 269) : 


2RSO.H RSOH+RSOH ...... (& 

RSO,H + -——> RSO,SR+H,O ...... 
When p-toly! toluene-p-thiolsulphonate was heated in aqueous alcoholic solution with hydroxy]- 
amine hydrochloride and sodium acetate at an apparent pH of 5°5, the reaction products 
isolated were tol phe de and di-p-toly! disulphide. If the reaction shown in 
cquation (6) above is fevernble in acid solution, a probable mechanam ‘for the formation of 

p-sulphonamide is : 
C,H, SOyS-C,H, + H,0 C,HyS-OH + C,H, SO,H (7) 
C,H,SO,H + NH,OH > ..... 


The formation of di-p-toly! disulphide can then be accounted for by reactions of the type 
summarised in equations (3) and (4). The disulphide could not have been produced by 
atmospheric oxidation of toluene-p-thiol formed by decomposition of toluene-p-sulphenic acid, 
since in an experiment conducted in an atmosphere of nitrogen di-p-toly! disulphide was again 
obtained, but no toluene-p-thiol. It is very likely that the formation of toluene-p-sulphon- 
amide involves the intermediate formation of toluene-p-sulphinic acid or of the toluene-p- 
sulphiny! anion in acid solution, for when xanthhydrol was added to a typical reaction mixture 
of thiolsulphonate and hydroxylamine hydrochloride in aqueous solution p-tolyl xanthyl 
sulphone was obtained. Xanthhydrol is known to give a carbonium cation very readily in acid 
solution and -tolyl xanthyl sulphone was obtained independently by reaction between 
toluene-p-sulphinic acid and xanthhydrol in acetic acid solution (Thain, Thesis, London, 1949). 
Further, heating toluene-p-sulphinic acid in aqueous alcohol-acetic acid with hydroxylamine 
gave toluene-p-sulphonamide, but no di-p-tolyl disulphide could be isolated. Evaporation 
of an aqueous solution of toluene-p-sulphinic acid and excess of hydroxylamine is known to 
yield toluene-p-sulphonamide (Halssig, /. pr. Chem., 1897, (2), 56, 213). 

It was found that lowering the pH of the thiolsulphonate reaction mixture resulted in a 
progressive decrease in the reaction velocity. This observation is in harmony with the view 


y in solutions 
of phenythydrazine with the thiclsulphonic ester under smilar experimental! conditions yielded 
and the phenylhydrazine salt of 
mic acid. 


[1950] p-Tolyl Toluene-p-thiolsulphonate. 1933 


now advanced, since decreasing pH may be expected to favour an equilibrium more and more 
to the left of equation (7). 
When attention was directed to the reaction between 


gave principally the phenyibydrazine alt of the acid together with a very small amouot ol 
ylphenylhydrazide. 
the ant of ester ito tf hi 


hydrazine may be attributable to the fact that, unlike the reaction of this acid with hydroxyl- 
thio-ions as well as tol p-sulphi hinic acid slowly forms the 
the yield of tolu p-sulphony!pheny!- 
hydrazide obtained in the experiment described above corresponded approximately to that 
expected from the thiolsulphonate which would have been produced if the sulphinic acid had 
been heated alone with acetic acid. 


EXPERIMENTAL. 


for H, . The m. p. was not depressed on 
dissolved la solution of hydroxylamine hydrochloride 
( a 

F Suh After being heated at 70° for 2} 


heated for 4 hours at 70°, 
ova olution of hyarorylamine 

(0-06 g.), m. p. 


ion kept 
temperature the which had deposited (0-2 g.) were filtered off and crystallised 
from 98% ature te oa p-tolyl xanthy! sulphone) 
The Reaction between T. Acid and Hydroxylamine acid 


in water (7 ml.). After the solution had. geal hours and then cooled to 


perature, crystals of toluene-p-sulpb de (0- 


—Phenylthydrazine 
hydrochloride (1-5 g.) and sodium acetate (1-5g.) were dissolved in water (10 ml.), and added to a solution 


toly] disulphide, toluene-p-sulphony lphenylhydrazide, and phenylhydrazine toluene-p-sulphinate. 
hydrazine salt of toluene-p-sulphinic acid; the toluene-p-thio-ion forms toluene-p-sulphenic 
acid, this in turn disproportionating to give toluene-p-thiol and toluene-p-sulphinic acid 
fequation (3), R= C,H,). In addition to these reactions, however, the toluene-p-thio- 
cation can abstract a hydrogen atom with its bonding electrons from phenylhydrazine to give 
toluene-p-thiol and a phenylhydrazine cation. Toluene-p-sulphinyl anions may then react ~ 
with the positively-charged phenylhydrazine residue to give toluene-p-sulphony lpheny!- 
hydrazide, whilst the toluene-p-thiol reacts with toluene-p-sulphenic acid produced by the ar 
alternative reaction path to give di-p-tolyl disulphide. The very small yield of toluene-p- 
sulphonylphenylhydrazide obtained when toluene-p-sulphinic acid was heated with pheny!- 
Tolyl T. 

method (J., 1910, 1 , and 

Reactions of p-Tolyl Tolwene-p-thiolsulphonate with Hydroxylamine.—All pH measurements were 
carried out on a “Cam 
values quoted are only in 

pH 55. Hydrox 
mol.) were dissolved in 
08-0011 mol.) in ethyl alcohol (10 ml.; 96%). After hours at 70° the reaction mixture was cooled to 
room temperature. Needle-like crystals of di-p-tolyl disulphide (0-05 ¢.), m. p. 46—47° (crystallised 
thiolsulphonate (0-2 g.) was recovered and toluene-p-sulphonam 

(@) pH 7. Sodium hydroxide (1-4 ml.; 6m.) was added ¢ 
chloride (0-4 g.) in aqueous alcohol (5 ml. of 96% alcohol + 2 ml 
then added and the mixture kept at 70° for 1j hours. Di-p- — 
and toluene-p-sulphonamide (0-16 g.), m. p. 138°, were obtained. 

uene-p-thiolsulphonate (1-0 g.) were alcohol 
alcohol + 10 ml. of water). A slow stream of pate nitrogen was bubbled through the reaction 4 
The reaction mixture was kept at 70° for 6 hours and stored overnight under nitrogen. Di-p- 
toly! disulphide (0-25 g.) and (0-6 were obtained 

The Reaction of with Xanthhydrol. — hydrochloride 
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(1 g.) in alcohol (25 mi. ; 96%). The reaction mixture was at 70° for 2 
room te for 3 days. The c of di-p-toly! ide (0-27 g.) 
were filtered off; they had m. p. 46-47". The sholic mother-liquors 
» dryness on the steam-bath, residue was extracted with hot water (25 ml.). 


af 


= 


ydraside a oa in cold dilute aqueous alkali 


4s this nd bad 155° ( 


ene-p-sulphinic acid 


aqueous alcohol (20 ml. of 96% alcohol + 5 ml. cates), ond the ot for 
On cooling, 0 bulky white precipitate (0-86 g.) wae obtained, and evaporation of the mother-liquors to 
crop (0-25 g.) of crystals. ing p 15 
the aqueous extract yielding phenylhydrazine p-sulphinate (1-08 


Action of ‘Acetic Acid on Toluene-p-sulphimic Acsd.—(a) acid ase) 
pte see ae Iphonate (0-1 g.), m. p. 76° (from 96% alcohol) not depressed on mixture with 
an au 
wl) The reaction time was increased to 10 hours The yield of thiolsulphonate, m. p. 75—76°, 


The author is indebted to Dr. J. Kenyon, F.R.S., for his valued advice and criticism. 
Batreasea Lowpown, S.W. (Received, April 26th, 1950.) 
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By J. R. Partincron and A. H. 
experimental work on 


O,H,O were compounds NaHCO, H,O, 
were isomeric nds Na,CO, 14H. 


Na,( (0.C, HOH were not confirmed. The validity of the Riesenfeld test for 
between true percarbonates and carbonates with hydrogen peroxide of 
denied 


Tux literature on the alkali percarbonates is very confused and contradictory, and it seems 
desirable first to give a short summary of the methods of preparation which have been used 
and then to consider briefly the supposed differentiation of the products into two groups, the 
true percarbonates regarded as salts of percarbonic acids, and the carbonate peroxyhydrates 
regarded as addition compounds of carbonates and hydrogen peroxide and sometimes water 
as well, 

(1) Constam and Hansen (Z. EleAtrochem., 1896—1897, 3, 137; Hansen, idid., p. 445) 
obtained sky-blue solid potassium perdicarbonate K,C,O, by anodic oxidation of concentrated 
potassium carbonate at — 10°. They interpreted the reaction as due to the discharge of KCO,’ 
ions, but this is very improbable, since Léwenherz (Z. physikal. Chem., 1895, 18, 77) found 
that potassium carbonate is completely ionised in fused Glauber’s salt into 2K" and CO,”. 
Better yields and a purer product were obtained by Riesenfeld and Reinhold (Ber., 1909, 42, 
4377), the poor yield found by Brown (J. Amer. Chem. Soc., 1905, 27, 1222) being no doubt 
due to faulty procedure. Constam and Hansen also obtained a solid thought to be rubidium 

Rb,C,O, and oxidising solutions supposed to contain the sodium and ammonium 
salts. Solutions of the lithium and the sodium salt were obtained by Riesenfeld and Reinhold 


1934 
had separat 
ue was filtered off from the hot solution and gave, after crystallisation from ethy 
tol yiphenylhydrazide (0-15 g.), m. p. and mixed m. p. (with authentic specimen) 
| decomp. at m. p.) (Found : H, 54. Calc. for C,.H,,O.N,S: C, 50-5; 
Ona cooling. the hot aqueous extract ited crystals (0-45 g.), m. p. 155° (decomp.), which were 
shown to be toluene 
sodium hydroxide tion (10 mi.; | 
solution was acidified with dilute hydr 
(from ether benzene), was precipitated 
m. 127") 
‘ote 
i 


Part Il. The Alkali Percarbonates. 


percarbonate was isolated by Tanatar (Ber, 1890, 32, 1544). 
carbonate in 3% hydrogen peroxide and precipitating the products with alcohol 
(formed with excess of hydrogen peroxide). These liberated hydrogen peroxide in 
thermochemical measurements, Tanatar concluded that the solids were, not carbonate per- 
oxyhydrates, but salts of permonocarbonic acid H,CO, Several patent specifications describe a 
the preparation of sodium percarbonates by similar methods (Merck, G.P. 213,457/1907; 

Klopfer, G.P. 207,797/1914; Henkel & Cie., G.P. 303,556/1915; D. G. S. Scheideanst. Roessler, 
G.P. 342,046/1015; Wade, B.P. 152,366/1920; Noll, 202,985/1923; Shotterbeck, G.P. 
560,460/1927; Walters, B.P. 565,653/1944; Slater and Wood, BP. 568,754/1945). Tanatar 
failed to obtain the corresponding potassium salts in a pure form, the solid obtained being 
as a mixture of K,CO,3H,O and K,CO,. Kasanetzky (J. Russ. Phys. Chem. Soc., 
1902, 34, 202, 388; Abs., 1902, 82, ii, 317, 500) by using 25% hydrogen peroxide obtainel 
K,CO,,2H,0,,$H,O and K,CO, 3H,0,. which he regarded as K,CO,,24H,O and K,CO,3H,0, 
an ammonium salt (NH,),CO,2H,0, and (J. Russ. Phys. Chem. — 1914, 46, 1110; Abs., 1915, 
108, ii, 334) an unstable caesium compound Cs,CO,2H,0,. Peltner (Ber., 1909, 42, 1777) 
obtained the compound RbOOH,H,O, and the unstable rubidium percarbonates Rb,CO,,24H,O, 
Rb,CO,,H,0,,2H,0, and Rb,CO,,2H,0,,H,O. By the action of excess of hydrogen 
on potassium and sodium hydrogen carbonates and precipitation with alcohol Kazanetzky (J. 
Russ. Phys. Chem. Soc., 1903, 36, 57; Abs., 1913, 84, ii, 366) obtained an evolution of carbon 
dioxide and the solid compounds K,C0,,2}H,0, Na,CO,,14H,0, and Na,CO,}H,0,,H,0 (pre- 
viously prepared by Tanatar from sodium carbonate). LeBlanc and Zellmann (Joc. cif.) assumed 
that in this case sodium hydrogen carbonate forms the normal carbonate and carbonic acid in 
solution (2NaHCO, = Na,CO, + H,CO,), the carbonate reacts with hydrogen peroxide to form 
Tanatar’s salt, and the carbonic acid to form permonocarbonic acid which decomposes 
(H,CO, = H,O + CO, + 40,). It would seem simpler, however, to suppose that the carbonic 
acid decomposes directly. 

(3) A third group of reactions make use of the action of carbon dioxide on sodium peroxide 
hydrate Na,O,,8H,O (or sodium peroxide with less water than this), or sodium bh 
peroxide NaOOH or its compound with hydrogen peroxide (Bauer, G.P. 145,746/1903; FP. 
331,937/1903; Merck, G.P. 188,569/1905; Wolffenstein and Peltner, Ber., 1908, 41, 280), or 
carbonyl chloride on sodium peroxide (Blankart, Dissert., Techn. Hochsch., Zurich, 1922). 
Wolffenstein and Peltner, by slowly passing carbon dioxide into a mixture of sodium peroxide 
and ice kept at or below 0°, and adding more sodium peroxide during the reaction, until the 
calculated increase in weight was reached, obtained Na,CO,,14H,0, the reaction being described 
as“ subtle.” By the further action of carbon dioxide on this, or directly by saturating hydrated 
sodium peroxide with carbon dioxide, they obtained Na,C,O,, which they regarded as an 
anhydride of NaHCO, + NaHCO, but containing water, which they supposed was present 
as Na,CO,1}H,O. The action of carbon dioxide on sodium hydrogen peroxide NaOQOH 
prepared by Tafel's method (Ber., 1894, 27, 2297) by the action of sodium peroxide on alcohol, 
which they regarded as “ Natrylhydrat '’ O!Na-OH, gave a product regarded as a mixture of 
NaHCO, Na,CO,, and Na,C,O,, or of NaHCO, Na,CO,, and Na,CO,, or as Na,C,O,,H,0. 


was more stable to dehydration than that obtained with O!Na-OH and hence was regarded as 
isomeric with it. The supposed difference was almost certainly caused by a difference in the 
rates of drying of the two products, and there is no evidence that more than one form of NaOOH 
exists. They found that by the action of the calculated amount of carbon dioxide on partly 


(1950) 1935 
and by LeBlanc and Zellmann (Z. Elektrochem., 1923, 29, 179, 192), who confirmed an observ- 
ation of Salzer (ibid., 1902, 8, 900) that the yield is much better with norma! sodium carbonate 
than with sodium hydrogen carbonate. Solutions which were merely assumed to contain 
percarbonates were obtained by Fichter and Bladergoen (Hele. Chim. Acta, 1927, 10, 566) by 
the action of fluorine on solutions of sodium, potassium, and rubidium carbonates. It is seen 
that the only well-established electrolytic percarbonate is the potassium salt. This, and the 
in the case of the potassium salt the iodine is equivalent to the whole of the active oxygen. 
The structure of the electrolytic perdicarbonates proposed by Constam and Hansen is 

to aqueous-alcoholic hydrogen peroxide was regarded as “ Natriumtrioxyhydrat " Na‘OOH 


1936 Partington and Fathallah: Inorganic Per-acids. 


hydrated “ O°Na-OH ” hydrated Na,CO, is formed. Dry sodium peroxide and sodium 
hydrogen peroxide do not react with dry carbon dioxide. Wolffenstein and Peltner emphasise 
that the amount of water present in their Na,C,O, does not allow the active oxygen to be 
present as hydrogen peroxide, and this must a fortiori apply to the nearly dry K,C,O, first 
described in the present communication. 

Kamtikar and Husain (/. Osmania Univ. Coll., 1934, 2, 39; Chem. Abstr, 1936, 30, 4112) 
NaHCo,, and a small amount of active oxygen probably in the form of Na,O, or NaOOH. 
Both previous work in this field and the experiments now described negative this assumption. 
The preparations are far from simple. Wolfienstein and Peltner found that, in the preparation 
of Na,CO, from carbon dioxide and hydrated sodium peroxide, if the water content is too small 
so much heat is evolved that the whole is decomposed, whilst with too much water the end 
product is moist and during the reaction the mass cakes together, the absorption of gas is too 
slow, and the percarbonate is decomposed The reaction between carbon dioxide and sodium 
hydrogen peroxide they say is “ tremendously sensitive "; the solid must be mixed with 26— 
30% of powdered ice, cooled in ice and salt, and the carbon dioxide passed in slowly. A 
local rise in temperature above @° or a momentarily too rapid supply of carbon dioxide led to 
rapid and complete decomposition of the product. Even during drying of the moist product 
decomposition may occur, the lid of the desiccator being blown off, although when dry the solid 
is fairly stable. Failure to obtain satisfactory products in this field is very easy. 

Riesenfeld and Mau (Ber., 1911, phir og oor 3595), on the basis of the Riesenfeld test (see 
below), concluded that Na,C,O, and Na,CO, are true percarbonates, whilst NaHCO, is 
Na,C,0,..H,0, and Na,CO,,H,0 ts Na,CO,H,O, the compounds Na,C,O, and Na,C,0,,H,0, 
liberating the same amount of iodine from neutral potassium iodide solution. By passing drv 
carbon dioxide into sodium peroxide in absolute alcohol (containing NaQOH and NaOC,H,) 
at 0.5" until the mixture gave no colour with phenolphthalein they claimed to have obtained 
Na,C,0,,C,H,OH, which is the same as Wolffenstein and Peltner's compound except that it 
contains alcohol of crystallisation, and if sodium peroxide hydrate was used Na,C,0,,}H,O 
was obtained. By adding 30%, hydrogen peroxide to the suspension of sodium peroxide in 
alcohol, either before or after passing in carbon dioxide, they claimed to have obtained 
Na,C,0,,H,O,, and, whereas Na,C,O, liberated iodine equivalent to half the active oxygen, 
this berated only a quarter. Kamtikar and Husain (loc. cit.) regarded the first compound as 
Na,©CO,, NaHCO, H,O,.1C,H,OH, but we have shown that it is a mixture of NaHCO, and 
sodium monoethyl carbonate NaO-CO-OC,H,, obtained by Beilstein (Annalen, 1859, 112, 124; 
Faurholt, Z. physital. Chem., 1927, 126, 227) but apparently unknown to Riesenfeld and 
Mau. This compound is precipitated by carbon dioxide from sodium ethoxide solution and 
is insoluble in alcohol. Riesenfeld and Mau, using a potassium peroxide with the empirical 
formula K,O, but probably a mixture of K,O, and KO,, in place of sodium peroxide, obtained a 
compound K,C,O, which, as solid or in solution, differed from the electrolytic compound in 
liberating only about half the iodine equivalent to its active oxygen. This compound was 
formulated as M,[-O-O-CO-O-CO-O-]. This type of isomerism is confirmed by experiments 
now described. 

LeBlanc and Zelimann (loc. cit.) limited true percarbonates to salts of the monobasic 
permonocarbonic acid H,CO, and the dibasic perdicarbonic acid H,C,O,, which are derivatives 
of hydrogen peroxide HOOH in which one or both hydrogen atoms are replaced by the group 
O{C(OH), and they are hydrolysed by water as follows : 


M,C,O, + H,O = MHCO, + MHCO, 
MHCO, + H,O = MHCO, + H,0, 


The extensive liberation of iodine by K,C,O, was regarded as due to the rapid formation of 
KHCO, (then unknown as a solid, but described below). Wolffenstein and Peltner’s com- 
pounds Na,C,O, and NaHCO, with 15% potassium iodide solution at —10° did not evolve 
oxygen, and only NaHCo, liberated iodine at once, whereas at 0° both liberated iodine im- 
mediately, The liberation of iodine by Na,C,O, at 0° was delayed by addition of sodium 
hydrogen carbonate, presumably owing to suppression of the formation of NaHCO,. If both 
hydrogen atoms in HO-O-CO-OH are replaced by a metal the actve oxygen is no longer in the 
form of a true percarbonate but is easily detached as hydrogen peroxide of 

Although the extraction of hydrogen peroxide by ether from Tanatar’s salt was only slight it 
was supposed (as we think incorrectly) 
Woitfenstein and Peltner's Na,CO, they regarded as a mixture of NaOOH and NaHCo,. 
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It is clear from what precedes that the whole field of the chemistry of the alkali percarbonates 
stood in need of re-investigation. The following questions seemed to us to call for attention. 
(1) Is the salt Na,CO,,1}H,O described by Wolfenstein a chemical individual, and, if it is, 
does it differ from Tanatar’s salt with the same formula? eee 
exist in one form only, as stated by LeBlanc and Zellmann, or in two as stated by Riesen 
and Mau? (3) Has the sodium percarbonate prepared from sodium peroxide and hydrogen 
peroxide in alcohol by the action of carbon dioxide the formula Na,C,O,,H,O, as stated by 
Riesenfeld and Mau, or is it a salt of H,CO,, and do other salts of this acid exist? (4) Is the 
test with neutral potassium iodide, claimed by Riesenfeld to distinguish true peroxides from 

peroxide of crystallisation, reliable? Before passing to the experimental part, a few 
words may be said about the Riesenfeld test. 
two types of compound is based on a reaction first studied by Bredig and Walton (Z. Elektro- 
chem., 1903, 9, 114; later investigations of it do not concern us), who found that hydrogen 
peroxide liberates hardly any iodine from neutral potassium iodide solution, but evolves oxygen 
gas. This was explained as a catalytic effect of the hypoiodite ion formed as an intermediate 
product : 


H,O, + 10’ H,O +O, (veryrapid) . (ai) 


from 30% potassium iodide solution by the reaction : 
drawn was criticised by Tanatar (Ber., 1910, 48, 127), who pointed out that only solids or freshly 
solutions gave the test and attributed the different behaviour of the two types of 
salt to the hydrolysis of the first to form an alkali hydrogen carbonate (HCO,’) which did not 
react with free iodine and hence did not prevent its appearance, and the hydrolysis of the second 
to form a normal carbonate (CO,”) which reacted with iodine to form a hypoiodite, the latter 
reacting with hydrogen peroxide, also formed by hydrolysis, with evolution of gaseous oxygen. 
Riesenfeld (Ber., 1910, 48, 506) then showed that K,C,0, liberates an appreciable amount of 
iodine even in presence of sodium carbonate in the ratio K,C,O, : 2Na,CO,, whereas Tanatar’s 
salt evolved oxygen only in presence of sodium hydrogen carbonate in the ratio Na,CO, : 2NaHCO,, 
although the first solution was more alkaline than the second. These results were confirmed 
by Tanatar (Ber., 1910, 43, 2149), who found different results with solid percarbonates and 
hence concluded that, since both the solutions (especially after being kept for some time) evolve 
oxygen, the liberation of iodine by K,C,O, is more rapid than its hydrolysis to form H,0O,, 
whilst the reverse is true in the case of Na,CO, Krauss and Oettner (Z. anorg. Chem., 1934, 
218, 21) distinguished between reactions in neutral or acid and those in alkaline solutions; in 
the first, liberation of iodine occurs both with percarbonate and with carbonate peroxyhydrate 
according to the reaction : 


whilst in the second the iodine reacts further : 


the hydrogen peroxide present in the solution or formed by hydrolysis then according 
to (ii). These conclusions were modified by Liebhafsky (idid., 1934, 221, 25), who found that 
in neutral solution reaction (iv) is negligible, the main change being catalytic liberation of 
oxygen, whilst a true persalt such as K,S,O, liberates iodine without liberation of oxygen. 
In presence of buffer solutions to maintain a suitable pH the Riesenfeld test may serve to 
distinguish such widely different compounds as hydrogen peroxide and persulphate, but its 
extension to transition cases (¢.g., to weak peracids such as the percarbonic acids) is of doubtful 
be pe The latter conclusion was also reached by Menzel (ibid., 1927, 167, 193) in the case 

, since so many factors are involved in the use of the solid salt, such as the rate 
will form sufficient ions in solution to liberate iodine from iodide before complete hydrolysis 
and formation of hydrogen peroxide occurs, whereas a sparingly soluble salt, or one which 
dissolves slowly, nay om present to react with the iodide. 
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The marked hydrolysis of per-salts of weak acids such as boric, carbonic, and silicic makes it 
doubtful if the Riesenfeld test, when carried out with solutions, has any validity in such cases. 
It may be mentioned that the existence of free percarbonic acid in solution in ether (Bach, 
Chem. Zentr., 1897, Ll, 828) was shown by Wolffenstein and Peltner (Joc. cit.) to be improbable. 

The results obtained in the present investigation were as follows. 

Lithium permonocarbonate Li,CO,,H,O was prepared by the action of carbon dioxide on 
water; it is not formed by the action of hydrogen peroxide on lithium carbonate. Excess of 
carbon dioxide reduces the active oxygen without affecting the Li,O: CO, ratio, ‘ab 
explained by assuming the formation of unstable Li,C,O, or LiHCO, which could not be 
prepared 


The formation of disodium perdicarbonate Na,C,O, by the action of carbon dioxide on 
sodium peroxide hydrate was confirmed, but the compound described as Na,C,O,,C,H,OH 
was shown to be a mixture of sodium hydrogen per rb y i 
ethyl carbonate NaO-CO-OC,H, Sodium hydrogen per rbonate prepared from carbon 
dioxide and the compound NaOOH,4H,O, was shown to lose carbon dioxide more readily 
than Na,C,0, and to form a product almost identical with Tanatar's salt; hence its formulation 
as Na,C,0,,.H,0, is thought to be incorrect. Hydrogen peroxide has hardly any action on 
sodium hydrogen carbonate below 0°, but the evolution of carbon dioxide and the formation 
of Na,CO,,4H,0,,H,0 at room temperature was confirmed. In presence of alcohol this absorbs 
carbon dioxide only if water is present, the active oxygen content being diminished. The 
distinction between Na,CO,,1}H,O and Na,CO,,H,O,,4H,O on the basis of Riesenfeld’s test 
is shown to be unsatisfactory. When prepared from sodium peroxide octahydrate it behaves 
in the same way as Tanatar’s salt, suggesting that in presence of sufficient water Na,C,O, and 
Na,O,,8H,0 react to form a uniform substance, Na,CO,,1$H,O and Na,CO,,H,O,,jH,O being 
identical. 

Potassium hydrogen per rbonate KHCO, was obtained by saturating an alcoholic 
suspension of potassium hydrogen peroxide with carbon dioxide at low temperature, and also 
from hydrogen peroxide and potassium monomethy! carbonate; it is much less stable than the 
sodium salt (RbHCO, is also unstable and CsHCO, could not be obtained). Hydrogen peroxide 
and sodium monomethy!l or monoethyl carbonate or potassium monoethy! carbonate gave 
products containing active oxygen but probably partly hydrolysed. The formation of 
K,CO,,2)H,O, K,CO,H,O,,1§H,O, and K,CO,2H,O,H,O from potassium carbonate and 
hydrogen peroxide in the ratios 1: 1, 1: 2, and 1: 3 was confirmed. In alcohol all three absorbed 
carbon dioxide to form the same product K,C,O,, which was obtained almost anhydrous by 
drying it in a vacuum over phosphoric oxide. Evidence vidence for the formation of a small amount 
of KHCO, with excess of hydrogen peroxide was found. 

Rubidium hydrogen permonocarbonate RbHCO, was confirmed; it is very unstable and 
sensitive to dehydration. With excess of hydrogen peroxide evidence of the formation of a 
substance containing more active oxygen was found but it could not be isolated. The three 
compounds Rb,CO,2)H,O, Rb,CO,,2H,0,,H,0O, and Rb,CO,H,O,2H,O were confirmed. 
In alcohol they absorb carbon dioxide in the same way as the potassium salts. With the first, 
absorption of carbon dioxide occurs with slight loss of active oxygen to form Rb,C,O, but this 
salt could not be obtained anhydrous. The active oxygen retained after carbonation of the 
second and third is greater than in the case of the potassium salts, and rubidium hydrogen 
permonocarbonate RbHCO, seems to be formed in appreciable amounts. 

Casium hydrogen peroxide perhydrate CsOOH,H,O, was prepared by the action of hydrogen 
peroxide on alcoholic casium hydroxide; with carbon dioxide it does not form CsHCO, but gives 
H,0,,H,0. 

EXPERIMENTAL. 


1. Lithiuw Permonocarbonate Li,CO,,H,O.—This compound, previously unknown, could not be ob- 
tained by the action of hydrogen peroxide on lithium carbonate, on account of the sparing solubility of the 
latter, but was prepared by the action of carbon dioxide on lithium peroxide perhydrate and on ium 

xide in presence of water. In the analyses of the products, lithium oxide Li,O was determined by 
tration with acid using methyl-orange as indicator, active oxygen (O,) by titration with permanganate 
in acid solution, carbon dic gravimetrically by liberation and absorption in alkali, and water by 


1. Action of hydrogen peroxide om lithium carbonate. So peas See carbonate in contact with 
30% hydrogen peroxide for some time and filtering, it was found that the solid did not contain active 
oxygen but was wnchuneed, lithium carbonate. The same result was found by using excess of hydrogen 
and keeping the mixture for a Jong time at room temperature or w 0°. From the mother- 

, alcohol precipitated only lithium carbonate. 
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. The compound separated crystals, 
washed with alcohol and ether after separation from the mother-liqeor. On passage of 
carbon dioxide dried by concentrated sulphuric acid slowly over this substance with continuous 

absorbed and 


the mass being maintained below — 10°, the carbon dioxide was smoothly 
the already dry mass became moist. The end of the reaction is indicated 


to Riesenfeld 
and lithium carbonate. Since, howe 
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ydrate was carried out an by De Forcrand (Compt. rend., 1000, 180, 
alcohol was added to a cold concentrated aqueous solution of lithium hydroxide containing 
| when 
- increase in weight corresponds to the absorption of one molecule of carbon dioxide per moi. of Li,O. 
vacuum corresponds to LiyCO,H,O. Only half ae peroxide perhydrate 
is found in the solid percarbonate, the rest being eliminated as hydrogen peroxide and removed during 
the washing. This salt is soluble in water to give an alkaline solution. Dry ether does not extract 
any active oxygen from it. On addition of the solid to concentrated neutral potassium iodide solution 
a slight liberation of iodine occurred, accompanied by a strong evolution of oxygen, which according 
ver, it is not formed from hydrogen peroxide and lithium carbonate, 
it seems to be a true percarbonate, and the evolution of oxygen ma eae eee 
pate Sy ans (hypoidite te which reacts with 
excess of 30% hydrogen peroxide was added. No increase in active oxygen content was found (analysis , 
oxide for several hours). The salt has, therefore, no tendency to yomse gecesi. The solid d 
gradually lost active ox , and after a week the active oxygen content fell to 1 oe. The aqueous 
content is also affected by continued passage of carbon dioxide after one molecule of carbon dioxide 
is absorbed per mol. of Li,O. In this way products were obtained with less active oxygen but at the { 
same time no further increase in the ratio CO,: was observed. 
per , ’ viour is assuming an 
2Li1,C,0, 2114,CO, + O, + 
2LiHCO, = Li,CO, + CO, + H,O, + 40, 
vation from “um ( was 
over phowphoric ofide i as decribed by De Forcrand . 
of um percarbonate from this peroxide was carried out in the same way as before; to obtain a good 
when it was 1:5. The results show that the same 
percarbonate is formed, in good yield, when molecules of water are present per Li,O,. The 
reaction therefore proceeds as follows ° 
Li,O, aq. + CO, = Li,CO,aq. 
The product obtained in this way is identical in properties with that prepared from lithium peroxide 
perhydrate. 
Taste 1. 
Analysisno. Li,O,%. CO, % % % Li,O. co,. Ow H,0. 
25-1 36-5 132 249 1 0-99 0-98 1-65 
274 40-1 144 18-05 1 100 0-98 109 
24-8 36-4 13-2 25-6 1 1.00 0-99 171 
27-8 14-45 170 1 0-90 0-97 iol 
25-2 374 119 1 161 0-88 
29-6 43-1 12-5 148 1 0-99 0-79 0-83 
28-4 414 135 167 1 0-99 0-89 0-98 
20-4 43-0 122 154 1 0-99 0-76 0-87 
Cale. for Li,CO,H,O: 1 i 1 1 
Percarbonates.—In the following the determinations of Na,O, oO. 
otherwise stated. Since some of compounds are very sensitive to small changes 
1. Disodiwm perdicarbonate N and 
oxide a . (The moist rapidly loses carbon dioxide oxygen.) Analyses 
Table IT refer to this af eed cad the eancunt 
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of water is too small for the active oxygen to exist as hydrogen peroxide, or the carbon dioxide 
NaHc Dry ether had no effect on the active ox 
oxygen concentrated neutral potassium sodide 
4 month in a desiccator; loss of active ox and some carbon dioxide occurred 
the solid still liberated much iodine from iodide solution. 


Riesenfeld and Mau's method was also used, dry sodium peroxide in absolute alcohol 
with dry carbon dioxide below 0° until phenolphthalein gave no colour. The product 
4 short time. Na,O and CO, were determined by titration with methyl-orange and 
The results are shown in Table III, 


Taste Ill. 


CO, %. Oe %: Na,0. cO,. 
374 +s 
38-25 52 l 1-83 


This product when distilled water even after with ether and 
when kept lost carbon dioxide much more rapidly than that prepared by the first method. Its 
Rabe est that it is a mixture of the unstable NaHCO, and sodium monoethy! —— 

Kab-co-0-C, and not Na,C,0O,C,H,OH as stated by Riesenfeld and Mav. It is probable that 
peroxide first reacts with as follows . 


Na,O, + C,HyOH = NaOOH + NaO-C,H, 
and the two products react simultaneously with carbon dioxide : 
NaOOH + CO, ~ NaHCO, 
NaOC,H, + CO, « NaO-CO-O-C,H, 


An equimolecular mixture of these products would have the same composition as sag fils OMl. 
This mechaniam is confirmed by the experiment described im (2). 

2. Sodium Aydragen monopercarbonate NaHCO, The method of LeBlanc and Zellmann was used, 
except that NaVOH 4H,0O, prepared according to Wolffenstein and Peltner was used instead of NaQOH. 
A mixture of peroxide and alcohol was added to alcoholic sodium ethonide 
(HO, : Na « 2: The oily precipitate solidified on o The solid washed with alcohol and 
ster gave 41 41-8%, O, 20-0, 20-68%, O, 1: and 1: 1-38; NaOOH,4H,0, requires 
1:5. The solid (2 g.) was suspended in 7 % alcohol uavese and carbon dioxide passed in below 

10° until phenolphthalein gave no colour. product was dried over phosphoric oxide for a short 
time. The results | and 2 in Table IV show that the solid is NaHCO,. The product was free from 
alcohol, was not affected by dry ether, and liberated iodine and oxygen from potassium iodide solution. 
Rapid drying caused sudden decomposition, but this did not occur on slow drying. The results 3 and 
4 for a specimen kept for a month show that carbon dioxide and active oxygen are lost more rapidly 
than from NayC,O,; the final product behaves like Tanatar’s salt : 


2NaHCO, = Na,CO, + H,O + CO, + 4O,. 
Taste IV. 


Analyse NexO, CO» 
2 
3 
4 
4 
“ 
7 

The 


proced 


alcoholic lic sodium 
H,O, = + CyH,OH; 


5 


according to the scheme of LeBlanc and Zellmann 
Il. 
Analysis no. Na,O,%. CO, % % Na,O. CO,. H,O. 
1 490 77 aa 1 1-78 0-39 
2 74 43 1 1-76 O78 O38 
3 “2 Ss 42 i 1-62 OM O35 
4 416 4546 57 44 i 0-53 0-36 
Cale. for 1 2 
saturated 
was dried for 
enolphthalein. 
Analysis no. Na,O, %. 
292 0-64 
4 2 2956 0-69 
%- HyO, %. CO,. On H,O. 
Me 12-15 Om 0-92 0-67 
117 1246 0-59 0-55 0-53 
11s 21 on OM 
43 154 Ow 0-92 0-87 
Cale. for NaHCO,: 1 1 1 0-50 
* Contains alcohol. 
H,O,, was then followed. Hydrogen 
furating the mixture with pw dioxide. 
ily h ether, and analyses 5 and 6 show that it 
AS) NaOOH + CO, = NaHCO, When 30% 
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eamly freed from alcohol 


a solid free from active oxygen. 
solution for about 4 hours Tanatar's salt ee was formed, 
hydrogen peroxide was used. The eS slow below 0°. On 
into an alcoholic suspension of Tanatar’s salt, no N 
and active oxygen being lost 

di voonate Na,CO, 14H,0. This wes 
mained. Carbon dioxide was passed slowly into 7-8 g. of 
below 0° until the increase in weight with the 
was dried in a vacuum for a short ti 


ly dried. It liberated iodine and from concentrated neutral potassium jodide solution. 
The protect from Na,O, behaved like anatar’s salt in not liberating iodine, and tt is concluded 
the of carbon dioxide on sodium peroxide hydrate water 


t water 


(as with KHCO,, see below) 


Ratio 
K,CO,:H,O,. K,0,% CO, % % %. 
fe) 465 217 77 
46-7 21-7 74 23-7 
Cale. for K,CO, 24H,0 
4 143 22-05 
43-45 20-3 144 21-8 
Cale. for K,CO,H,O, 1pH,0 


1:2 43 


1:3 38-65 
390 


perature was kept phenolph In case (4) practically all the 
active oxygen was retained, in (6) only half, and in (6) only 0 third. The products in all cases contained 


K,C,O, and water. They were unstable, losing nearly half the active oxygen in a week. They were 
‘ uble in water to form unstable solutions. The solids liberated 


analyses of the products from (a)—(c) are given in Table VI, the effects of drying being shown in 


1941 
med by addition of hydrogen peroxide to sodium monoethy! car —— > 
. — the carbon dioxide forms sodium monoethy! carbonate ‘ule um poo and alcohol, 
taminates the CO, Contrary to Rewnfel! and Ma's statement, the remulta are quite diferent 
according as hydrogen peroxide is added before or after of carbon dioxide, confirm the 
conclusion that the compound described by them as Na,C.0,H.O, is really « mixture of NaHCO, and 
sodium monoethy! carbonate. 
3. Acton of hydrogen peroxide on sodium hydrogen carbonate. The gradual! addition of excess of solid 
sodium hydrogen carbonate to 10% or 30%, hydrogen peroxide at room temperature or below 0° gave 
re in contact with the 
ovided that sufficient 
e of carbon dioxide 
the gas being absorbed 
lenstein and Peltner's 
i 6 g. of water cooled % 
product 
ae 
H,O. 
1-75 
that the product is a definite percarbonate different from Tanatar's salt, on the basis of a slight liberation 
of todine, is considered very ar 
Potassium Percarbonates.—\. Action of on potassium carbonate, Potassium 
carbonate was dissolved in 30% h in di it proportions below —5S" and excess of 
alcohol added. ee on cooling; they were washed as usual and dried for a 
short time over calcium c in a vacuum. The white crystalline solids were readily soluble, the 
solutions decomposing — When the solids were added to concentrated neutral potassium iodide 
solution ox was evolved but no iodine liberated. 
The analyses are given in Table V. 
Taste V. 
K,O. CO,. O-. H,0, 
1 0-99 0-97 271 
1 100 2-65 
1 i 1 25 
1 1.00 2-65 
1 1090 262 
1 1 2 25 
Po 18-2 18-8 244 1 101 2-85 329 
ist 190 239 i 0-99 2-87 
phosphoric oxide in a vacuum for a few hours caused loss of water and some active oxygen. The 
analytical results exclude the possibility that the products (4)—(d) consist hon on hydrogen 
carbonate with hydrogen peroxide of crystallisation and since they all form “gO, which can be 
K,CO,,H,O,, 14H,0, and absorption of carbon dioxide by 
them would then proceed as follows (+ = 0, 1, or 2) ; 
K,CO,sH,0, aq. + CO, = KyC,0, aq. + 
the two 
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Taste VI. 

Initial substance. K,O,% CO, % % KO. CO,. O,. H,0. 
432 os 112 1 1-92 1-35 
“42 302 706 1 100 1-13 

(b) 430 39-0 72 10-8 1 1-93 0-98 1-31 
436 304 | 9-65 1-02 0-96 1-45 

(e) 437 391 73 99 1 1-18 
430 353 72 i ow 138 

(a) 479 42-85 68 24 1 191 0-84 0-26 
(b) 478 43-0 69 23 1 1-92 0-85 0-25 

Cale. for K,C,O,: 1 2 1 


3. Potassium hydrogen permonocarbonate KHCO,. (i) Although LeBlanc and Zellmann ited out 
of 


the 
obtained potassium permonocarbonaie KHCO, by the action of carbon dioxide on an alcoholic 
suspension of potassium H,O,, made according to D’Ans and 
Friederich (Z. anorg Gen 325) 


mixture of 30 ogen peroxide and alcohol was added 
to a solution of potassium ethoulds in absolute alcohol cc —10° (K: H,O, = 1:1). The 
. oily product soli after cooling for some tume. Carbon dioxide was passed into the alcoholic sus- 


om, the temperature being kept below —10°. When phenolphthalein was po longer coloured the 

Yaga ed ag ny was filtered off rapidly, washed with cold ether, and analysed as rapidly as 

| and 2 in Table VII are for two specimens. The solid is very unstable unless 

Ect talew Ot 0°. It liberates much todine as well as oxygen from concentrated neutral potassium iodide 

solution. On drying it decomposes rapidly, becoming pinkish-yellow and leaving potassium hydrogen 

carbonate. The colour may be due to K,,0, but this was not isolated 

(ti) A similar product was obtained by the action of 30% potassium mono- 

passing dry carbon 

diomde into a solution of potassium yxide in methyl alcohol. When phenolphthalein gave no 
colour, peroxide was added (K H,O, 1:2) with stirring, the temperature 

kept below —10°. The product was washed with dry ether and was free from methy 

alcohol. The analyses are 3 and 4 in Table VII. U anhydrous methyl alcohol was used, partial 


was deficient in active oxygen. 
(tii) smal] amounts of KHCO, from and excess of 
hydrogen peroxide by the reaction K,C,O, *S H,O, = 2KHCO, was obtained. bon dioxide was 
to saturation into an alcoholic suspension sion of K,CO, 2H,0,,H,0 in nee of excess of 0 
drogen peroxide (K : HyO, « 1: 4) and the washed product gave the yses 5 and 6 in Table 
The active oxygen content is more than that required for . The product was sensitive to 
dehydration and developed a slight yellow colour, observed i 


Taste VII. 


KHCO, requires 1 


IV. Rubidium Percarbonates.—1. Action of hydrogen wide on rubidium carbonate. The method 
ot Peltner was closely followed and his results confir Rubidium carbonate was dissolved in 30% 
hydrogen peromide, the liquid being cooled below — 5° “and excess of absolute alcohol added. The 


oily product solidified on cooling and the white crystalline solids were washed = usual and dried for 


some time over calcium chioride. Rubidium was determined as sulphate. i eae of the 
products were similar to those of the corresp pot salts. Analyses are in 
Taste VIII. 
K,0,%- CO, % % Rb,O. CO, H,O. 
fa) 63-65 153 53 15-75 102 0-98 2-56 
62-8 16-0 0-99 0-97 2-61 


1 

Cake. for Rb,CO,2jH,O: 1 

(1:2 13-6 187 1 
13-7 18-2 1 

Cale, for Rb,CO,,H,O,2H,O: 1 

) 1:3 570 134 13-5 161 1 
wa 13-2 13-2 17-2 1 

Cale. for Rb,CO, 2H,0,H,O; 1 


hydr s of potassium monomet arbonate occurred and the product formed wit ‘ gen peroxide 
1 0-93 ool 101 
. 2 30-0 33-7 12-5 13-9 1 0-90 0-92 0-91 
3 02 MS 12-2 13-0 1 0-92 0-89 0-85 
4 30-85 M7 124 13-1 1 0-93 0-91 0-83 
45 418 37-8 124 1 0-06 0-56 0-78 
6 426 383 3 10-9 1 0-96 0-57 0-67 
0-5 
1 1 2-5 
0-99 191 3-37 
1-00 1-93 3-23 
1 2 3 
101 2-76 2-03 
100 274 313 
1 3 3 
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Ap a’coholic of p was 
Kelty | in Tabie 1X indicate an 


3. Formation of RDHCO, Aa alcoholic suspension ot compound ( in Table VIII was treated as 
under (2). The results 3 and 4 in Table IX show an absorption of one mole of 


} 


RbHC 
ic suspension of (c) in Table VIII with carbon dioxide, the anal 
from RbOOH obtained by the method of Peltner 
peroxide mixed with absolute alcohol to am absolute-alcoholic 
(Rb : H,O, = 1: 1) cooled below —10°, 
was saturated with carbon dioxide. The analyses of the product 
as on and 8 in Table 1X. The solid liberated much iodine and also oxygen from new 
it was unstable on dehydration, leaving potassium h 
carbonate. 

4. Rubidium percard In the preparation of RbHCO 
RbOOH with the ratio Rb: product contained somewhat more active 
shown in analyses 9 and 10 in T: IX. he y 

suspension in excess of h 
seems to be formed (but not in a pure state), which like R 
but more active oxygen. 


Hf 


Analysis no. %- 
26-9 


slowly 
and ether 
the active oxygen titration. The results um eo om 
ydr HO, Ca, 50-5, 60-2; O, 120, 13-5; Cs: 1: 1-80, 1: 1-86; 


suspension of this compound with carbon dioxide at —10° the solid 
dissolved. Ether precipitated a white crystalline solid h did not liberate iodine from concentrated 
neutral potassium iodide solution but only oxygen. It slowly decomposed without formation of a 
The following analyses show the com was not CsHCO, as expected, but 
arbonate peroxide hydrate Cs,CO,,H,0,, described by Kasanetzky. 


Oe Cs,0. 
75 
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stable than K,C,O, and on dehydration over phosphoric oxide lost all its active oxy 
without development of a yellow colour. It hberated a considerable amount of tod 
VU, 2nd 4m active Oxygen content of more than one atom © product w 
dehydration than Rb,C,O, but was affected and developed a yellow colour which suggests the presence 
Tasie IX, 
Rb,O. CO,. Oe 
45 1 1-92 0-89 
45 1 1-90 0-90 
Rb,C,O, requires 1 2 1 
3 57-2 25-85 76 i 1-92 1-56 
4 564 25-2 74 1 1-90 1-61 
54-6 241 1 1-68 178 
6 57-6 25-7 89 1 1-90 1-80 
(7 56-9 49 865 1 1-86 1-80 
8 56-7 24-55 1 178 
RbHCO, requires 1 2 
9 52-4 22-7 10-9 1 242 
10 53-4 23-4 116 i 1-85 2-53 
V. Cesium Percarbonate.—On addition of - hydrogen peroxide mixed with alcohol to a solution 
req si 
68-2 10-7 1-00 1o 
67-7 10-5 73 1 100 191 
Cale. for Cs,CO,H,O,H,O: 1 1 2 
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397. The Structure of a Cell-wall Polysaccharide of Baker's 
Yeast. 


By D. J. Bett and D. H. Nortucore. 


The so-called yeast “glucan” has been methylated in an oxygen-free a’ 


y branc ¢ unit chain contains nine D-glucose 
radicals tr 4: &-Tetramethyl mol.), 2: 4: 6-tri- 
methy! ; obtained crystalline. It is the first 
time that this dimethy! sugar has been obtained from material of natural origin after methylation, 

Experimental losses were so low that we can claim to have obtained a nearly 
picture of the structure of this polysaccharide. 


Tue cell-wall polysaccharide of baker's yeast has been examined by only a few workers since 
Salkowski (Ber., 1804, 27, 3325) first described it as “ yeast cellulose.” Salkowski obtained 
this insoluble carbohydrate by treatment of the yeast cell with 2% potassium hydroxide 
solution followed by autoclaving of the solid residue with water, and stated that it did not give 
a blue colour with iodine and yielded glucose and mannose after hydrolysis with dilute sulphuric 
acid. Zechmeister and Téth (Biochem. Z., 1934, 270, 309) treated the yeast with dilute alkali 
and then rendered the glycogen-like material (which is stained red-brown with iodine) soluble by 
boiling the product with 3% sulphuric acid. Essentially the same procedure was adopted by 
Hassid, Joslyn, and McCready (J. Amer. Chem. Soc., 1941, 68, 295), who used, however, hydro- 
chloric acid in place of sulphuric acid. Both groups of investigators proved that the methylated 
polysaccharide yielded, as the main cleavage product, 2 : 4 : 6-trimethy] D-glucose, thus showing 
the presence of a 1; 3-linkage between the component glucose radicals. Barry and Dillon 
(Proc. Roy. Irish Acad., 1943, 49, B, 177), by treatment of the polysaccharide with acid periodate, 
again obtained evidence of the 1: 3-link since only a small amount of periodate underwent 
reduction. Furthermore, subsequent bromine oxidation of the periodate-treated material 
yielded an acid, isolated as its silver salt. From investigation of this substance Barry and 
Dillon deduced a chain-length of 28 glucose radicals for the yeast glucan. In no case was any 
evidence obtained whether or not the substance has a branched structure, nor was any “ end- 
group detected. 

The method adopted in the present work was based on the earlier experiments mentioned 
above, but the “ glycogen "' component was successfully removed by exhaustion with warm 
Gy-acetic acid. This leaves the insoluble glucan in a non-reducing condition; we find that 
mineral acid leads to the formation of a reducing product at this stage. Throughout our work 
we avoided contact with mineral acids and during the methylation of the polysaccharide 
oxygen was excluded as long as the system was alkaline. We are confident that our material 
is in fact derived from the cell wall. The washed material isolated from the cytolysis of the 
yeast, when examined microscopically both in water and after staining with iodine, presented 
an appearance closely similar to that of intact yeast cells. 

Methylation of yeast glucan is difficult. Zechmeister and Téth (loc. cit.) employed as 
starting-material an acetate made by the action of acetic anhydride and acetic and sulphuric 
acids, It seems to us that this procedure may lead to unpredictable degradation of the 
polysaccharide. Hassid e¢ aj. (Joc. cit.) carried out direct methylation in presence first of carbon 
tetrachloride, then of acetone; they completed their etherification using sodium in liquid 
ammonia (Muskat, ]. Amer. Chem. Soc., 1934, 56, 693, 2449). The use of liquid ammonia and 
sodiam has been criticised by Freudenberg and Boppel (Ber., 1940, 73, 609) and by Schorigin 
UU. Gen. Chem., Russia, 1944, 14, 825). Hassid ef al. methanolysed their methylated material, 
by prolonged treatment with methanol containing 17% of hydrogen chloride, and distilled the 
resulting product in a high vacuum, recovering, from 5 g. of methylated polysaccharide, 
3-689 g. of 2:4: 6-trimethy! a- + §-methylglucosides. This corresponds with only 67°8% 
recovery. These authors further carried out viscosity measurements on the methylated 
polysaccharide applying Staudinger’s K,, = 10° for cellulose and obtained a value ca. 6500. 
As will be seen, we have now shown that yeast glucan possesses a highly branched structure ; 
the application of the constant for the linear polysaccharide is therefore not valid. It may 
further be noted that Hassid ¢f a/. deduce, from reasonable evidence, the presence of §-linkages 
between the component radicals of yeast glucan but they represent the substance in their paper 
by a structural formula having links of the «-type. 


We found that acetylation (pyridine and acetic anhydride) of the partly methylated material 
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content was 41'5%, and was not appreciably raised (41-7%) by five further treatments. In each 
methylation the losses averaged 10—1-1%, the final yield being 556%. 


(w/w) of dry hydrogen chloride and then 
with n- hydrochloric acid at 96—100°. (It should be noted that acid hydrolysis showed that the 
was 


silica-water column (j., 1944, 473) gave three crystalline fractions in an aggregate 
of methylated glucoses from the silica columns is of the order of 94% and that the loss on 
hydrolysis of methylated polysaccharides by n-hydrochloric acid is of the order of 6%, we are 
confident that we have accounted for ca. 100% of the original polysaccharide. 

The three crystalline fractions were identified as 2 : 3 : 4 : 6-tetramethyl (1 mol.), 2: 4: 6-tri- 
methyl (7 mols.), and 4: 6-dimethyl p-glucose (1 mol.). Yeast glucan (which must be a 
polysaccharide of large molecular weight) thus consists of a highly branched structure. Each 
unit chain must have a mean structure based on about nine glucose radicals; the link between 
these radicals is of the 1 : 3-type and the inter-chain link is of 1 : 2-type. (It is of course possible 
that the inter-chain link is 1 : 3, with a 1 : 2-link in the chain itself.) Confirmatory evidence of 
the chain-length was obtained after oxidation by periodate according to Halsall, Hirst, and 
Jones (J., 1947, 1399, 1427; sbid., 1948, 27), a value for the chain-length of ten glucose radicals 
being found. From the small positive rotation (+3°) of the methylated glucan and the large 
negative rotation of the triacetyl glucan we agree with Hassid ef al. that the majority of the 
glycosidic linkages must be of the §-type. 


EXPERIMENTAL. 


of the Yeast Cell-wall.—Presh “ Encore” baker's ke.) was in 
allowed to cool to room temperature. The insoluble material was collected on the centrifuge, 


in 3% sodium hydroxide solution (10 1.), 
dilution with water (20 1.) and again c tion. judge obtained was in water (10 1.), 
heated br 80°, and strained 


firet with 2% aqueous acetic acid (10), then with, in turn, ethanol, ether and light um (b. 


of the Glucan. l-wall material (30 g.) was heated to 76° with O-Sx-acetic acid (100 sl.) ; 
po A, A a. Fe, . At 75° the mixture was fluid, but on cooling to 40° it became 
tinous solid separated, but retained about one-third of the fluid. 


solid was 
washed with more ethanol collected on 3 Jena filter, with, 
the bulk being ee oe y decreased; after drying at 100°/0-01 mm., a cream-coloured sol 
30% of the 


obtained (7-2 origina! cell-wall substance). The glucan (20 .) was 
thick thick paste with water (200 ml.). This was freeze-dried to ve © light whieh ean anne far the 
subsequent experiments (Found: N (K ), @42; P, 
Identification of Giucose as the Sole ‘omponent Radical.—Glucan (2 ¢. (wiv) 
uric acid at room temperature and kept for 240 hours, giving a it brown solution 


to water (1 1.) and the whole boiled under reflux for 15 hours. Ths Gstation 
neutralised with barium carbonate and filtered, and the filtrate concentrated to 150 ml. under reduced 


Ge (J. Soe. Chem. Ind., 
ia) acetic acid (5 mi. 
had been 


section Analysis of the mixture of methylated glucoses thus obtained by means of Bell's 
sodium hydroxide solution (51.) and centrifuged No carbobydrate was found in the solution (neg ative 
fuged, 
groin, 
essure at 100 At ¢ same time a control experiment was carried out on cotton cellulose 

Rrdrotyantes were then examined on the paper chromatogram by the procedure w and Isherwood 

(Biochem. J., 1949, 44, 402) using etal cnctate-pysidine-wales as solvents. development of the 
chromatogram with ammoniaca! silver nitrate a single spot was obtained from each experiment, 
corresponding exactly in position with a glucose control. Tests for pentoses and uronic acids were 

negative. 

1921, 40, 253). Freeze-tried (0-5 g.) was 

which chlorine had been passed a few minutes. A 

at room ee ap acetic anhydride (5 en oy, a little dissolved sulphur dioxide, was added 

and the allowed to react overnight. mixture was then heated on the boiling water-bath for 

2 hours, cooled, and filtered into ice and water (200 ml.). The acetate which separated was filtered off, 

washed with water, and dried at 80° in a high vacuum (yield, 6-34 g.). This was shaken with a little 

The clear chloroform filtrate was boiled with water to remove the organic solvent, solid residue 

if 
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“4 “45 Hassid milarly prepared. 
Methylation of G Vins | (10 ded in d (200 mil.), was 
treated, at 40-0", with methy! sulphate (600 mi.) and sos sodium hydroxide solution (1 1), 
the r ts being added in one-tenth portions at ten-minute intervals, with vigorous stirring, in an 
eolnitrogen. After heated to 80-95", 
of acetic acid and the whole under reduced pressure to remove dioxan. The solid which 
ae was repeatedly washed with boiling water was then given a second treatment as before. 
solid product of the second methylation was dried at 0-01 mm. and then dissolved in pyridine 
(300 mil.), and acetic anhydride (150 ml.) added. Next morning the mixture was poured into water 
(21), the product separating as a white solid. The whole aqueous suspension was then concentrated 
reduced pressure to a volume of ca. 500 mi., heated to ca. 96", and filtered. The solid was washed 
with boiling water; after being dried in a high vacuum, 10-2 g. were obtained. The material was then 
soluble in dioxan; it was further subjected to thirty-one methylations in dioxan solution under the 
conditions described above. The methoxyl content was determined from time to time [Found : OMe, 
(10 methylations) 36-5, (26 methylations) 41-5, (31 methylations) 41- *) The final yield was 7-0 g. 
556%); the average loss per methylation was therefore — -1% (Found: N, 003; P, 0.00%). 
nal product had AL 1-3 in chloroform ; 

Cleavage of the Methylated Glucan.—The material was reflaxed with methanol (90 mi) 
containing 2%, (w/w) cf hydrogen chloride for 18 hours, after which time it had all dissolved. After 

removal of the hydrogen chloride by treatment with silver carbonate, and of solids by filtration, the 
resulting solution was evaporated under reduced pr The rt , dissolved in nx-hydro- 
chioric acid, was heated, under reflux, on the boiling water- bath for a forties s angel The solution, 
freed from hydrochloric acid by excess of silver carbonate in the customary 
the paper Sen with »-butanol-water as solvent (Hirst, Hough, and Jones, 1948 928) and 
aniline ph te for ory tri-, me giucoses were 
found, oth Ry values of 0-76, 0-6, ens 4 respectively. It should be noted that hydrolysis by hydro- 
chioric acid in greater ar was s. should be avoided ; in some experiments when stronger acid was 
employed, the tetramethyl glucose fraction was found to contain a non-crystalline component, 
tndistinguishable on the ewkateapemn from 2:3: 4: 6-tetramethy! glucose. As this appeared to be a 
non-reducing material when examined by hy te oxidation (Macleod and Robison, Biochem. 
1020, 28, 517), we consider that it is probably a trehalose-like substance (or substances) formed 
condensation of two molecules of the trimethyl sugar. Confirmation of this view was obtained by 
hydrolytic treatment (as described above for methylated eo | which resolved the substance into 
trimethy! glucose, as shown by chromat y and hypoiodite reduction. 

Separation of the Cleavage Products. hydrolysate obtained above was concentrated under 
reduced re to 10 ml. in presence of a little barium carbonate. The methylated were then 
subjected to chromatographic separation by Beli's method (/., 1044, 473) a 10-g. column of silica. 
(The silica was prepared according to Tristram, Biochem. j., 1946, 40, 721.) ‘Three fractions, all of 
which crystallised spontaneously, were obtained as follows: Me,, 0-1504 g.; Me,, gh Me,, 
©1139 g. The molecular ratios corresponded to 1:7: 1, and the agregate yield was 89-9%, ‘theory. 

Identification of the Individual Separated Fractions —(a) The tetramethyl rc. A eimgle of the 
whole fraction (i... crystals and syrup) had {a)f +90° falling to +83 0-6 in water; J, 2). 
An authentic specimen of 2:3: 4: 6-tetramethy!l glucose examined under same conditions had 
{e)f +93" falling to +83". The crystals, after being drained on a tile, ny aed Mixed with 

tic material (m. p thi gare was not appreciab et On the paper chromatogram 
(solvents butanol-water) the whole fraction spot of Ry 0-76, identical with a control 
sample of 2 3: 4: 6-tetramethyl glucose (Found : OMe, S21. Cale. for C,H O,: OMe, 52-5%). 

(b) The trimethyl fraction. This after recrystallisation from ether had (a)? +84° falling to + 70° 
(e, 1-2 in water, |, 2). Lake and Peat (/., 1938, 1417) give [a)p (in water) +98-2° falling to +74-8°, 
and Hassid ef a/ pe +714. melted at 120° and, on admixture, 
did not Ar, seg the m. p. of authentic 2 : 4: 6-trimethyliglucose (m. p. 115°) (Found : OMe, 41-8. Calc. 
for OMe, 41:2%). 


urther * proof of the structure of the sugar was obtained by the action of sodium metaperiodate 
.... a control with pure 2: 4; 6-trimethy! glucose was carried out simultaneously. In neither 
case, after 25 hours, was any evidence of per te reduction obtained 

The whole fraction, without rec sation, was examined on the paper chromatogram (solvents : 
butanol-water), the Ry values being obtained ; glucan material, 0-60; authentic 2: 4: 6-tri- 
methy! glucose 0-60; 3: 4: 6-trimethy! glucose 0-635. 

Oxidation by bromine water, followed by conversion of the resulting lactone into the ae Wy YY 
a tS a crystals, m. p. 08", and these, mixed with authentic 2 6- 
methyligiuconamide (m. melted at 100°. Phe amide gave a negative Weerman reaction 
(Haworth, Peat, and Whetstone, om 

(c) The dimethyl fraction. A comple 1 + 87-6° (50 minutes) 
+67-0" (18 hours) (¢, 0-4 in water 2). spec 4: 6-dimethy! glucose had ie 
+ 93-1" falling to +624". Bell and Synge (/., 1937, 1711) and Bell and Lorber (/., 1940, 453) give 
respectively +63-6° and 4+ 65-7° for [e)p at equilibrium. 

After recrystallisation from ethy! acetate, needies were obtained, having m. p. 155°, not depressed 
after admixture with authentic 4 ep te glucose, m. p. 158°. On the paper chromatogram 
(butanol-water) the whole fraction gave a single spot of Hy 0-4, identical in its behaviour with authentic 
material 

On oxidation with sodium metaperiodate solution a sample of the entire fraction consumed exactly 
2 moles of periodate, and yielded 2 moles of formic acid. No formaldehyde was detected by dimedon. 
Control experiments with authentic 4: 6-dimethy! glucose, made at the same time, yielded identical 
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Assay of the Giucan by Periodate Sin 
method of Hirst, and 


noted. A 10-ml. was withdrawn to serve as a control 
to 5.) The suspension was then made up to a volume of 15 ml. and 5-ml. were titrated, 


The value 0-69 ml. is 12-65 mg. of formic acid and to a unit chain of 
“i equivalent to mg. corresponds to a length 


Brocugmicat Lasoratory, Tae University, Camprrper. (Received, April Sth, 1950.) 


398. Syntheses in the Penicillin Field. Part IX. A Synthesis of 
Some Penicillamine Analogues and Attempts to obtain New Types of 
Penicillins. 


By A. H. Coox, G. Harris, J. R. A. Pottocx, and J. M. Swan. 


Tue condensation of 2-ethylthiothiazolin-5-one with acetone in place of benzaldehyde was 
expected to yield the thiazolinone (1; R = R’ =— Me, R” = Et). Reaction of N-dithio- 
carbethoxyglycine (II) with acetone and acetic anhydride gave only the 2-ethylthiothiazolin-5- 
one, characterised as N-dithiocarbethoxyglycine anilide, and as N-benzylth zyl 
amide, but when sodium acetate was added to the mixture as a condensing agent the reaction 
proceeded as expected to give 2-ethylthio-4-isopropylidenethiazolin-5-one (1; R = R’ = Me, 
R” = Et). The last compound was characterised by its reaction with benzylamine forming the 
thiohydantoin (III), a transformation analogous to that undergone by 


EtS-CS‘NH-CH,-CO,H 


thiazolin-5-one (Cook, Harris, and Heilbron, J., 1948, 1060). The compound (I; K = R’ « Me, 
R” = Et) with hydrogen sulphide in methanolic triethylamine gave the triethylammonium salt 
(IV; R = R’ = Me) in good yield. 
R = Ph, R’ = 


Obviously the compound (IV; R = R’ = Me) could not undergo any comparable change, and 
1 


{1950} 
a 
subseque 
tn a stream of carbon dioxide-free air, against 0-01ln-sodium hydroxide (methy!-red) 

To the main bulk of the exiginal euapensian wes added exlution (0-000. 15 ml.) 
and the whole agitated for 25 hours. suspension was then allowed to settle and a 10-ml_ sample of 
the supernatant fluid withdrawn and treated in the same way as the control. The whole procedure of 
agitation and withdrawal of samples at 24-hour intervals was repeated until the production of acid 
titratable to pH 5 had reached a maximum (280 hours). After this a slight decrease in the acid titre 
was noticed. The results were : 

Tine of 96 168 240 280 300 

Titre (0-Ol»- ee 0-48 0-61 0-64 0-66 0-69 0-68 

ihe ested of pues ysteine (Cook, Harris, and Heilbron, Studies in the 

Azole Series, Part V, /., 1948, bob applied to (Coot, Harris, Heilbron, and 

methods synthesis cysteine )cysteine, 

wich ike the compound, failed to aford activity cider standard 
conditions. Attempts to thesis i to igneaud 

(IIL) 
The product obtained did not give the ferric chloride, nitroprusside, or ninhydrin reaction 
expected for §-phenylcysteine, and the properties and analysis of the product prompt its 
formulation as 5-phenylthiazole-4-carboxylic aad hydrochlonde (V), formed from the thio- 
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was converted into penicillamine by reductive fission with aluminium and acid (Cook, Heilbron, 
and Shaw, CPS 311; “ The Chemistry of Penicillin,” Princeton Univ. Press, 1949, p. 458). 


RR “H-CO-SH,NEt, Poe H-CO,R’ 


The synthesis of other amino-mercapto-acids by this route were not pursued since more 
convenient routes utilising the parent 2-mercaptothiazolin-5-one in place of the ethylthio- 
compounds (I; R = p-C,HyNO,, R’ =~ H, R” = Et) and (1; R= p-C,H,OAc, R’ = H, 
R” = Et) were prepared as possible intermediates for such 

Mercaptothiazolin--one was found to condense readily with anisaldehyde, p-acetoxy- 


4-p-methoxybenzylidene-, -4-p-acetoxybenzy 
-4-p-chlorobenzylidene-thiazolin-5-one (1; R= R” =H, R’ = p-C,H,OMe, $-C,H,-OAc, 

. . These compounds were well characterised as their 2-methylthio- 
derivatives (1; p-C,HyOAc, p-C,H,Cl respectively) 
by reaction with methyl sulphate and alkali, and the chloro- and acetoxy-compounds were 
degraded with phosphorus and hydriodic acid to §-(p-chlorophenyl)alanine and tyrosine 
respectively (cf Billimoria and Cook, J., 1949, 2323). 

Treatment of the thiazolinones (1; R = R” « H, R’ = p-C,HyOMe and p-C,H,Cl) with 
methanolic sodiam bydroxide gave the acids (VI; R’ «= H, R= OMe or Cl) and with 
methanolic sodium methoxide gave the methyl esters (VI; R’ = Me, R «= OMe or Cl) as in 
previous similar experiments. The acetoxy-compound behaved abnormally with alkalis, 
however, and to obtain isomerisation of the arylidenethiazoli to the 2-mercapto-A*-thiazoline 
or the thiothiazolidone system recourse was had to the method used above for the thiazolinone 
(1; Re R’ = Me, R” = Et), When this acetoxy-compound was treated with hydrogen 
sulphide in methanolic triethylamine the compound (IV; R = ~-C,H,-OAc, R’ = H) was 
obtained in good yield, and this salt was converted into the carboxylic acid (VI; R =< OH, 
R’ «= H) by means of concentrated hydrochloric acid. Hydrolysis of the acids (VI; R’ = H, 

R = OH, OMe, or Cl) with concentrated hydrochloric acid by the method used for the preparation 
of 6-phenyleysteine (Cook, Harris, and Heilbron, Joc. cit.) was in no case found to lead to the 

“RC RC CO Me RC ~—CH-CO,R’ 

(VIL) (1X. 
amino-mercapto-acid, although the hydroxy-compound was isolated from the methoxy- 
compound in some instances. The difficulty encountered here may well have been caused by 
partial thiazole formation as encountered above. An effort to overcome these difficulties was 
made by preparing 5-p-methoxyphenyl-2-thiazolidone-4-carboxylic acid (VII; R =< OMe) by 
the oxidation of (VI; R « OMe, R’ « H) with alkaline hydrogen peroxide. The compound 
(VIL; RH) had been shown to yield §-phenylcysteine on hydrolysis (Cook, Harris, and 
Heilbron, Joc. cit.), but (VII; R =< OMe) gave no amino-mercapto-acid on such treatment. - 
Reductive degradation of (VI; R « OMe, R’ =~ H) with aluminium and acid (Cook, Heilbron, 
and Shaw, CPS 311; op. cit., p. 458) or with tin and acid was likewise unsuccessful. 

By this time the discovery of a new method of fission of the thiothiazolidone ring system 
had been found in another series of compounds containing the amide group in place of the CO,R 
groups discussed here (cf. Cook, Hunter, and Pollock, J., in press) and consisted essentially in 
methylating the 2-mercapto-group of the thiothiazolidones (such as VI) (which may be regarded 
as 2-mercapto-A*-thiazolines) to give compounds of type (VIII) (cf. Cook, Harris, and Heilbron, 
loc. eit), which were then reduced with aluminium amalgam with loss of methanethiol to form 
the thiazolidines (IX). Fission of the latter compounds was readily accomplished with mercuric 
chloride to yield the required amino-mercapto-acids. 

Application of the technique to the acids (VI; R = OMe or Cl, R’ = H), which were 
methylated with diazomethane, gave the methy! esters of the methylthto-compounds (VIII; 
R = OMe or Cl), reduction of which with aluminium amalgam in methanol gave the 
thiazolidines (IX; R’ «— Me, R « OMe or Cl), the methoxy-compound being characterised as 
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its 3-acetyl derivative. Hydrolysis of (IX; R — OMe, R’ = Me) with hydrochloric acid gave 
no amino-mercapto-acid, but the acid (IX; K — OMe, R’ = H) isolated as its hydrochloride. 
Fission of this substance with boiling ethanolic mercuric chloride gave only the disulphide of 
§-(p-methoxyphenyl)cysteine, isolated as its oxalate, whereas fission of both (IX; RK — OMe, 
R’ = Me) and (IX; R = Cl, R’ = Me) with hot aqueous mercuric chloride gave §-(p-methoxy- 
ydrochlorides. 


ethyl «-formylphenaceturate 
with «-formylhexoamidoacetate gave the thiazolidines (X; R’ « Et, KR « CH,Ph or »-C,H,,), 
isolated first as the hydrochlorides. Hydrolysis of (X; R’ = Et, R = #-C,H,,) with one 


analogue (X; R’ = H, R = »-C,H,,). 

and attention was therefore concentrated on the h ido-compound. The attempted 

+ conversion of the last-named substance into an azlactone by various reagents comprising acetic 
anhydride alone and in admixture with pyridine or triethylamine at various temperatures for 
various times, carbon suboxide, acetic anhydride in methyl oxalate, and benzoy! chloride in 
pyridine gave no significantly bacteriostatic products (tested by the plate method). 


Some early attempts were made to condense 


were obtained. Later, it was shown by du Vigneaud and his co-workers (J. Biol. Chem., 
176, 917) that penicillamine and other amino-mercapto-acids condensed with 2-benzyl-4-ethoxy- 
methyleneoxazolone and other oxazolones to y yield it i 


tac 
§-(p-methoxypheny I)cysteine and likewise failed to give bacterio- 
static activity. Although the optimum conditions for penicillamine might not have been those 
for the $-arylcysteines with regard to these condensations, and optically inactive arylcysteines 
were used, it seems significant that these compounds gave rise to no detectable activity, 
particularly as $-benzyl-8-methylcysteine (Cook and Pollock, J., in press) afforded activity on 

condensation with the above ethoxymethylene compound. 
Attempts to extend the Above Type of Condensation.—It was shown previously (Cook, Harris, 

Heilbron, and Shaw, jJ., 1948, 1056) that penicillamine or its methyl! ester condensed 

with mercapto(or to form analogues 
of penicillenic acid (XI; R = CH,Ph or Et, R’ = H or Me), but that these compounds would 
not undergo closure of the thiazolidine ring. Experiments were also made on the condensation 


(XIV. 
R = H, R’ = H or Me), which might be 
with loss of carbon disulphide to give the 6-amin lidi 


parent structure of the penicillins, or a thiazolidinyl-thiazolinone structure (XIV), which might 
self-acylation with loss of carbon disulphide to form (XIII). Presumably (XIV) 
would be an intermediate in the conversion of (XI; ceteae ir ae 
that the thiazolidine-oxazolone structure is intermediate in the transformation 
penicillenic acid into penicillin (cf. du Vigneaud and his co-workers, loc. cit.). 
Model reactions showed that the penicillenic acid analogue would be the most likely product 
of such condensations. Thus, glycine ethyl ester and 2-mercapto-4-ethoxymethylenethiazolin- 


A series of three S-arylcysteines was thus available for attempts to obtain new penicillins 
Attempts to obtain Pemicillin-like Materials from §-Phenyicysteimes.—When this research 
was initiated, the thiazolidine-oxazolone structure (cf. op. cif.) was widely accepted as 
representing penicillin, and many attempts were made to obtain this, and later the thiazolidine 
S-lactam structure, by preparing azlactones from penicilloic acids, and by condensing ethoxy- 
methyleneoxazolones with penicillamine. Accordingly, the preparation of penicilloic acid 
analogues (X) from §-phenyicysteine was undertaken. 
equivaient of sodium hydroxide, isolating the product usa its iead salt, gave the penicilioi ac o 
methylene(or -hydroxymethylene)benzyloxazolone in acetic anhydride—pyridine-sodium 
acetate or buffered dioxan solutions at room temperature or 60°, but again no active products 
im | | mS | con | | >-pheny icy 2-venzyi | 
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S-one in aqueous acetone afforded viene )thiazolin-5-one 
(XV; R= EtO,C-CH,). In the same way, glycine sodium salt, pt-alanine methy! ester, and 


S-benzylpenicillamine sodium salt gave 2-mercapto-4-(carboxymethylaminomethylene)- (XV: 
R HO,C-CHy), (XV; R CHMe-CO,Me), and 


(XV) (XVI) 
(XV; R = 
Me,C(S°CH,Ph)-CH-CO,H) respectively. These compounds showed characteristic ultra-violet 
absorption maxima at 2450 and 3370—3460 a. Reaction between thiols and the ethoxy- 
methylene compound appeared to be more sluggish, the iatter reacting with toluene-w-thiol 
pd in n the presence of a econ (triethylamine) to form two isomers of 2-mercapto-4-benzy!- 

ethiazolin-5-one (XV1), presumably cis- and trans- about the exocyclic double 


bond 

When penicillamine (as its sodium salt or methyl ester) was allowed to react with the sodium 
salt of (X11) in water, or with (XII) in ethanol, only amorphous, easily oxidised products were 
obtained. With penicillamine in ethanol, no reaction occurred, and in pyridine the product was 
an oil, whereas in aqueous Cellosolve the amorphous product was rapidly oxidised to a red tar. 
These difficulties were possibly caused in part by reaction of (XII) with the thiol group of 
penicillamine and, in part, by ring-opening of the thiazoline by the amino-group as experience 
had shown was feasible. Accordingly, reaction of (XV) with derivatives of 2: 2: 5: 5-tetra- 
methylthiazolidine-4-carboxylic acid was attempted, but the thiazolidine proved insufficiently 


of salt formation on ps 

Clarke (J. Amer. Chem. Soc., 1937, 59, 200) in a study of the rate of formation of thiazolidine-4- 
carboxylic acid from cysteine and formaldehyde were able to show that in acid solution initial] 
reaction occurred on the sulphur atom, and Armstrong and du Vignead (J. Biol. Chem., 1948, 
178, 749) treated a variety of aldehydes and ketones with cysteine in 6x-hydrochloric acid to 
obtain the compounds (XVIII) instead of thiazolidines. The stability of (XII) to acids made 


‘ 

(XVIL) (XVIIL) 


the preparation of (XVII) seem feasible. However, when methy! penicillaminate hydrochloride 
and (XII) were refluxed together for long periods in chloroform, benzene, or ethy! acetate, or 
heated in anisole at 100°, only the unchanged reactants were recovered. At higher temperatures 
(refluxing anisole) decomposition occurred, and reaction in methanoliic hydrogen chloride or 
6n-hydrochloric acid failed to bring about the desired condensation. Extension of such 
reactions to methyl N-acetylpenicillaminate or N-phenylacetylpenicillaminate, and N-carbo- 
benzyloxypenicillamine was equally unsuccessful. Similar attempts to cause N-phenylthio- 
carbonylpenicillamine to react with oxazolones are described in a later paper. 


EXPERIMENTAL. 

Penciilamine Analogwes.—-N-Dithiocarbethoxyglycine (2-5 g.), acetone (2-0 g.), and acetic anhydride 
(6 ¢.c.) were heated on the steam-bath for 15 minutes, solvents were removed tm vacwo, and the residue 
was distilled at 40° in a high vacuum, to give a pale yellow oil. A portion reacted vigorously with 

ethereal benzylamine. The product, recrystall from chloroform—light gave N-be' 

thoureidoacetbenzylamide as needles, m. p. 145-~146° (Found: C, 65-7; 61; N, 13-5. Cale. 
; C, 652; H, 61; N, 134%). A portion of the oil with ethereal aniline gave N-dithio- 
Hyetme amsiede, which separated from chloroform as white laths, m. p. 159—160° (decomp ) 

52:3; H, 5-8; N, 110. C,,H,,ON requires C, 520; H, N, 11.0%). 

N-Dithiocarbethoxyglycine (10 g.), acetone OF acetic anhydride (20 g.), and anhydrous sodium 
acetate (5 g.) were refluxed together for 3} hours. yhen the product was worked up by dissolution in 
ether and removal of acidic material with sodium hydrogen carbonate an oil was obtained, distillation 
of which gave -S-one (1; R = R’ = Me, R” = Et) (5-5 g.), b. p. 
110-—115°/0-2 mm. (Found: N, 65. Cale. for C,H,,ONS,: N, 7- With ethereal benzylamine, a 
tion of the oil gave I-benzyl-4- 2-thiohydanioim (111 from chloroform 
light petroleum as white needles, m. p. 201° (Found: C, 63-4; C ON, S requires C, 63-4; 


‘ Se 2-thio-5-phenylthiazolidone-4-thiocarboxylate (IV; R =H, R’ = Ph) (6-8 g.) 


basic to undergo the desired reaction in hot acetone, and, in the presence of triethylamine, only 
an amorphous product was obtained. 
Another approach to (XIII) lay in attempts to obtain the compound (XVII), which on 
: rearrangement via a seven-membered ring structure could give (XIII). The protective effect 
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requires N, 8h). It gave no colour wi 


a ted prec te with aqueous fernc chlonde From the ee 
hlonde obtained (31 . & of the free thioc acid also 


heated together on 
hydroxide. 


Tho wan quantity of and the solid 


washed with »-am and recrystallised from acetone—water, 

(1; RY” = Et, R’ p-AcO-C,H,) (19%) ting as 

orange, rhombic plates, m. p. 108—110° (Found: C, 54-8; H, 4-5; N, 47. C,,H,,O,NS, requires 

867; 43; N, 46%). N-Dithioc ine (1-8 p-nitrobenzaldechyde (1-8 g.), and 
acetic anh nig. was washed wth ight petra for 3 minutes. The product (1-8 g.), which 
crystall: on cooling, was washed with trol and and 
d; ReH, RY «Et, R’ NOyC,Hy 

161° (Found: C, 37: N, C,,H,,O.N,S, requires C 


the tes gave a further 0- 
jeysterne and Derivatives of (20 g.) 
was dissolved in acetic acid (150 c.c.) containing 2- abe and morpholine 
and washed with acetic acid and water ; d on dilution of the filtrate with 


as yellow needles. 212° (dec ) (Found: C, 
52-3; H, 35; N, 56. H, 36; N, This nd (l was 
taka up in potamiumy ¢.c.), meth and the mixture shaken 
for 10 minutes. yellow solid (1 g.) was a smal! volume of 


ethanol, 
requires N, 5-3%). 


fis sodium per 30 cc) and kept fort how. t was poured into ice-cold 2n-hydrochloric 
acid (180 c.c.), and the mixture kept for 1 hour. The gum was taken up in acetone and crystallised by 
the cautious addition of water at 0 entities obese tt: hn from acetone— 
water, methyl 2-mercapto-5-p-methoryph = Me) 
pale yellow needles, m. p. 108° (Found: C, 50-7; H, 47. requires H, 46% 
2-M urylidenethuagolin 37 g.) was added to a hot solution of sodium 
(11 g.) in methanol (250 c.c.) Ads 96 hows of Go 
to gi as colourless, hexagona! plates, 
. 149° (decomp.) (Found : C, 404; H, 43. C,,H 40-1; H, 41%). 
feth 1 2-mercapto-5-p-methoxyphenyithiazoline-¢ carboxylate (2 g.) in 10% ueous sodium 
hydroxide (10 c.c.) was treated with 20-vol. bh Pa gre neh Ape After 3 hours solution was 
acidified with concentrated hydrochloric ac the sticky solid crystallised from aqueous 
(yield, 1-2 g.; m. p. 135°). Crystallised from water, 5-p- 
acid separated asc rless rods, m. p. 138°. 
8-(p-Chlorophenyl\cystene. yde (McEwen, Synth., Coll. Vol. LI, 1943, p. 133 
(18 g.) and 2-mercaptothiazolin-5-one (16 g.) were condensed in hot acetic acid (250 c.c.) containing 
morpholine (1 ercapto-+- 


ng. 
H, 26. C,,H,ONCIS, requires C, 47-0; 
(2-5 c.c.) was methylated methyl fa The } tive (1 g.) separated 
from methanol as golden m. 45—146" Mey C, 40-8; H, 30. requires 
C, 489; H, 90%). The 2 


The aqueous layer was 


evaporated to 
M R = R” = H, sad 
separated from acetic acid as needles, m ye 
51-9; H, 31; N, 50. C,.H,O.NS, requires 616; H, ; 
(0-5 


hydroxide (9 c.c.) was meth 
m. p. 114° (Found: C, 53-6; H,39. C,,H,,O,NS, requires C, 53-25; " 3-76%) 
of 2- etoxybenzy 


treated with triethylamine g-). tion occ H into the solution 
for 12 hours, and the then with and "The product (3-6 ¢). 

t (IV; R= AcO, R’ = NHEt,) colour prisms, m. p. 127— 
126° (decomp.) (Found : C, 88-7, 627; H, 64,556; N, 68. C, #5, requires C, 52-2; H, 63; 


1 g.) (Cook, Hunter, and Pollock, 


the solution was evaporated m water (15 was repeated extracted with 
separating 
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which, recrystallised from water as 4 plates, m. p. 196° (Found: C, 47-5; 
H, 37. C,H,ONS, requires C. 47:1; H, 3-6 
(b) The yiammoniam salt above (2 g.) in ethanol (5 c.c.) was treated with concentrated hydro- 
chioric acid (2¢.¢.). The solvent was removed and the gum extracted with a mixture of ethy! acetate 
(20 ¢.c.) and water (10 c.c.). The aqueous layer was re-extracted with ethyl acetate (10 c.c.) and the 
combined extracts were to give a yellow ol which was digested on the steam-bath for 3 hours 
with concentrated hydrochloric acid (10 c.c.). The solution was diluted to 30 c.c. with water and 
the derived ), dried, and evaporated to smal! bulk and light petroleum (b. ) 
and having = (Pound: C, 490, 489; H, #8, 48; N, 47. 
requires N,4#1 When kept at 100°/14 mm. for 18 hours it 
became sticky and, when recrystallised pintaceone charcoal), separated as plates, m. p. 190—194", 
undepressed on admixture with the materia! obtained as recorded under (a). 
2-Merc. » i-p-methoxyphenyithiazoline-4-carboxylic acid (20 g.), suspended in ether (50 c.c.), was 
treated diazomethane (10 g.) in ether (500 c.c.) slowly with stirring. After 2 hours ether was 
temoved, leaving « viscous oil. latter in methanol (1 was reduced with aluminium 
(3 g.). After reaction was com e the hot solution was filtered and the alumina washed with 
methanol (2 « 200 c.c.). The filtrate was evaporated until S—_. ee diluted with water. tm 
late (1X; R MeO, Me) as needles, m. “Poona. Pc. 56-7; 60; N, 4&8. 
requires C, 56-0; 60; N, 65%). Warming thie with acetic anhydride ga ve the acetyl 
derivative, which crystallised fre ua m. p. 04—05° (Found : H, 61. 
Cult NS requires C, 57-40; of the thiazolidine ester (0-5 g. 4x -hydro- 
te acid (20 c.c.) during 13 hours, by evaporation to dryness and stirring of the residue with 
gave -4-carborylc acid hydrochloride (0-4 g.) which recrystallised 
from methanol-ether, whereafter it had m. 193-—196° (decom (Pound Cc, wore H, 54; N, 47. 
requires C, 47-9; H, &1; 1%). The hydrochloride (0-3 was dissolved in water 
tnd the product (02) collected. Rec 
ims. m. 210° (decomp.) (Found: C, 1; H, &7; N, 63. C,,H.,O,NS requires C, 55-5; 


yithiazolidine-4-carboxylate (2-5 g.) in methanol (10 c.c.) was added to 
mercuric chloride (5 g.) in methanol (300c¢.c.). The clear mixture was refluxed for | hour, concentrated, 
and decom with hydrogen sulphide. Evaporation of the filtrate gave a yellow gum which was 
treated with hot acetone for 5 minutes, the solution evaporated, and the residue stirred with aqueous 
sodium hydrogen carbonate. The yellow oi! was extracted be ether and dried, and oxalic acid added. 
After being kept the (0-7 g.) was separated from methanol- ether — 
148° (Pound: C, 4740; 62; N, requires C, 47-3; H, 49; 
42 
hlorophenyl)cysteine was applied to the preparation of 
hydroc methyl 5-p-methoxyphenylthiazolidine-4-carboxylate. 
product was ey yy} the oa addition of ether to a solution in dry ethanol; it ated 
ound: C, 450; H, 56; N, 49. C,,H,,O,NS, HC! requires 45-5; 
H, 64; N, 63%). It an with tants ta neutral solution, and a red- 
purple colour with ninhydrin 
p-Acetoxybenzaldehyde (11 g.) (cf. Chattaway, J., 1931, 2405) was added to a hot solution of 
2-mercaptothiazolin-5-one. idine (4 drops) was added, and after 2 hours the product was filtered 
off and washed with acetic acid, the residue stirred with water, and the product ad = te ote 
recrystallised from water (charcoal). 8-(p-Chloropheny!)alanine ted as hexagonal tablets, 
.) (Found: C, 54-3; H, 56; N,@7. Cale. for C, 541; H, 5-0; 
~ r mercaptothiazolinone (30 g.) was dissolved in hot methanolic potassium by droxide 
wr ) and the solution kept for 5 hour. It was diluted to 500 «.c. and ac 
a rr. the aqueous layer was decanted and the oi] dissolved in ethy! acetate (100°) and er! 
(solution 4). A portion of A was extracted with aqueous sodium hydrogen carbonate, and the aqueous 
—_ washed with ethyl acetate. Acidification gave an oil, bp ahtvephoneai acetate and dried. 
ition of light m (b. ) precipitated 2 5 vithazoline 
aed (VI; R H), whic h recrystallised as p- 176° (Found: C, 
N.63. 43-9; H,30; N, 51%). Solution A was treated with 
{i's ) in ether (S00 © c.). After 3 hours, evaporation solvents gave a yellow oil, which was taken up 
methanol with aluminium amalgam (20 ¢.). The methanol 
filtrate was evaporated to smal! bulk and diluted with ee (iL). The uct (10-2 g.), m. p. 110°, 


was rec from 
R Cl, Me) 8; H, 47; C,,H,,O,NCIS requires 
C, 61-3; 47; N, 54% 

bove 


It gave a purple colour ferric chloride in solution, and a red-purple 


(100 at 6 The milky liquid was added immediately to hot aqueous mercuric chloride 
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chloro aod ety! form the idoacetate ( were heated fr 10 munetes at 100" wrth 
of methanol, whereafter the melt gave no colour with ferric chloride. The resin was 


triturated 

until it no longer became sticky on exposure to air. So 

requires C, 54-0; 66; N, On dic disks carbonate 

acidification, and olsdane-4- 

_ 135°, after recrystallisation from ethanol-water (Found 

; H, 7-2; N, 63. requires C, 56-3; H, 7-1; N, 66%). 8-Phenylcysteine 

1-0 g.) was heated for DE eee te (1-5 g.) and methanol 

c.c.), After 4 minutes a few drops of methanolic hydrogen 
conducted in a vacuum. The -orange resinous uct was rendered solid as above, and the prod: 

(1-7 g.) dried in eacuo and puri by ipitation chloroform-ether. 5-Phenyl-2-phenylacetamido- 


acid hydrochloride (X; R =~ CH,Ph, = Et) was white, 
amorphous solid, m. p. 100° (decomp.) (Found : C, 54-9; H. N, X08. requires 
C, 547; H, 566; N, 8%). The free base was obtained wi a ga um acetate 
as white powder. m. . 130° (decomp.) (Found : C, 50; 6 requires 
C, 61-7; N,& %). It is probably a of ster 


lic acid hydrochloride (3-9 
dissolved in 0-609n-sodium hydroxide (62:5 c.c.) and kept for 23 hours. On filtration of the 
through charcoal, of (1-50 and lend 12 ¢.c.) at O°, a white 
precijtate was obtained in ethanol 
Nee minutes. The lead sulphide was washed with 
ethanol (3 x 6 c.c.), and the filtrate evaporated is eacwo. The residue was dried and triturated with 
ether-—light petroleum (1:1). The solid product (2-35 g.) had m. p. 


ac 
Tak). The nd: C, 46; H, 64; N, 64. C, O,N,S requires C, 56-8; 64; 
7-4%) 


The foregoing acid (22 mg.). acetic anhydride (02 ¢.c_) and p ne (0-1 c.c.) were heated 
together at 50° for 15 minutes, and solvents removed at 0-1 mm. (20 minutes). The residue was dissolved 
m 5% p te buffer (10 c.c.) at pH 70. It was inactive, as in a blank experiment. The same 


result was o! ed when the acid was set aside with acetic anhydride and pyridine or triethylamine for 
1-5 or 22 hours, or was heated with acetic anhydride alone, or in admixture with methyl oxalate, for 
3 minutes. Keeping the acid with carbon suboxide or benzoyl! chloride and pyridine for 20 minutes 
likewise gave inactive products. Phenylc woke vee ed (22 mg.) was _ for 14 hours with 

ueous sodium acetate (50 mg./1 c.c.) 2- -4-ethox hylencoxazolone (25 mg.) in dioxan 
eres ). The mixture was diluted with 5% phosphate buffer (20 c.c.) and assayed. It was + 

2-benzy!-4-hydroxymethyleneoxazolone in buffer or with the ethoxymethylene-oxazolone in acetic 
anhydride and pyridine overnight or at 60° for 10 minutes. 

Further Condensations with B-Phenyleysteme. B-Phen 
for 30 minutes and then at | with a catalytic quantity of ydrochioride for 15 minutes. 
were removed at 0-1 mm. pressure, and the residue ved in acetone 4¢.c.), water (3-2 c¢.c.), 

ans buffer (42 c.c.) at pH 70. No activity was observed. ine hydro- 

3 img), pyridine (2:3 and the oxazclone (90-0 mg ) were heated at 30 minutes. 

Treatment as above gave an inactive of the above experiments, and working up 

The amino-mercapto-acid itself was inactive. 


(ti) The by (48 mg.) and 
2-benzyl- aie were (2 c.c.) at 
100° for 0-5 hour. idine hydrochloride (0-5 mg.) was added, the solution hea S oe Se 
15 minutes and then chi in ice, and p removed in a vacuum at room tem 
solution diluted to 5 c.c. with phorphate butler at 

(iii) pe phenyl)cysteine. The same method was used with mercapto-amino-acid hydro- 

the oxazolone (10 mg.). 
amino-acid hydroc at concentrations of 1 mg./c.c. gave 6-mm. zones of inhibition of 


chloride 


ercapto-4-ethory 
.) in acetone (5 c.c.) and 1|-Ln-potassiam h (2- ) was 


27 c.c. 

472 Hits warm acetone (20c.c.). After this been kept for 2.5 hours at room temperature, acetone 
(15 ¢.c.) was added and the mixture set aside overnight. The product (0-2 g.), m 211° (decomp.), 
lised et plo-+ eth ethy |. hylitasolin-b-ome - 


from h 
oe oe separated ow 210° (decomp.) (Found : C, 36-6; H, 42; N, 11-3. 


Glycine (0-187 g. acetone (8 cc.) and water (30 containing hydronide 
2-27 c.c.) was treated with the thiazolinone (0-47 g.) in warm acetone (20 c.c.), and the mixture shaken 
2 hours and then set aside for 26 hours. 0- -H acid (2-65 c.c.) was added and the 
solution evaporated to small bulk im cacwo. deposit (0-45 g.), m. p. 225° (decomp.), was 


| 
im the plate test 
Rea ether ester bydrochloride 


Le Quesne and Young: 


absorption (ethanol 


thiasolim-5-one ; R CHMe-CO Me) (0-45 recrystallised 
candles 210—211" (decomp.) (Found C, 389; H. 43; Q itt C,H 


Cc, 300; H, Light absorption (ethanol) 2450, 2500, and 
respectively 


470, 450, and 660 )- 
The method for above was used for Wpenicillamine (0-507 g.) 
(2- thiazolinone (0-472 g.) in acetone 
cc.). 
Me,C(SCH,Ph)-CH-CO,H) , - 
needies, 'm. p. 220° (decomp.) (Found: C, 60-2; H, 5-0. requires C, 602; 
Light absrtion (than) 2450 and 3440 a. (ETS, 300 and 490 respectively). 
The thiazolinone (1-89 g.) and toluene-w-thiol (1-24 g.) were heated at 100° for 5 minutes with triethy!- 
amine (Il c.c.). The red solution was shaken with chloroform and 2n-hydrochloric acid. The product 
sarolin-b-one (XVI) as (Found: C, 
H, 33; N, 60; 8, 36-7. C,,H,ONS, requires C, 49-4; N, 62; S, re). Light absorption 
(ethanol) : 2600, 2070, and 3660. (ETS, 215, 195, The filtrate was 
separated, and the washed chloroform solution evaporated. Treatment of the residue with ether gave a 
crystalline precipitate (0-8 g ) 
or needles, m. p. 143° (Found C, 405; H,34; N,52. C,,H,ONS, requires C, 40-4; H, 3-4 2%) 
The m. p. of this was on admixture with its isomer, and crystallsation from 
caused partial conversion the higher-anelting peodect. 
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399. Amino-acids and Peptides. Part I. An Examination of the Use 
of Carbobenzyloxy-L-glutamic Anhydride in the Synthesis of Glutamyl- 


peptides. 
By W. J. Le Queswe and G. T. Youns. 


In the tion of e-t-glutamy! amides, pgaen. and esters by the ring opening of 
N-cattedbedagiony-4-qpenamnie anhydride, a ble amounts of the y-isomers may also be 
formed. With hydrazine, a mixture of a- y-acid hydrazides has been obtained. Reaction 
of the anhydride with the or amino-ecid esters yielded carbobenzyloxy-a-t-glutamyl- 
L-valine ethyl ester, carbobenzyloxy-a-t-glutamyl-t-leucine ethyl ester, and diethyl carbo- 
benzyloxy-e-t-glutamyl-L- ate, in each case purification was effected by fractional 
extraction any | nd m carbonate. Hydrolysis and hydrogenation then yielded the 
sading di t 
After reaction of the anhydride with ethanol, this method of purification enabled crystalline 
e@ethy! carbobenzyloxy-t-glutamate to be isolated, which on hydrogenation gave a-ethyl L- 
lutamate; evidence is given that the compounds previously ascribed these structures are in 
face racemic. a-Benzy!l carbobenzyloxy-t-glutamate has now been obtained crystalline. 


Tux classical synthesis of a-glutamy! peptides depends on the reaction of N-carbobenzyloxy L- 
glutamic anhydride (1) with amino-acid esters, followed by hydrolysis and hydrogenation 
(Bergmann and Zervas, Ber, 1932, 65, 1192). In analogous fashion, ammonia reacts with the 
anhydride to give carbobenzyloxy-t-isoglutamine (II; R = H), which on hydrogenation 
yields t-isoglutamine. The anhydride ring may also be opened with alcohols or with alkoxides, 
and the a-esters so formed have been used for the synthesis of y-glutamyl-peptides such as 
glutathione, since the free y-carboxyl group may be converted into the acid chloride and so 
coupled with an amino-acid ester (Harington and Mead, Biochem. ]., 1935, 29, 1606). 
NH,R 
nca,co HyCH,CO,H 
(1.) (IL) 

There have, however, been indications that the anhydride ring may not always open 

exclusively in this direction. With glycylglycine ethyl ester, Bergman, Zervas, and Fruton 


1954 
washed with water and rec 
Sone (XV; } 
31; NL 126. CHONS, 
2470 and 3390 a. (E}S, 450 ar 
pt-Alanine methyl ester 
from 
3640 a. 
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a ee: 1936, 115, 606) obtained by repeated recrystallisation only a small yield of 

a-derivative and concluded that a considerable portion of the y-isomer had been 

Melville (Biochem. ]., 1935, 29, 179) examined the reaction with ammonia, and 
L-isoglutamine contained some 14% of i-glutamine. More recently, 


Zervas, and Fruton, Biol. Chem., 
with tyrosine ethyl ester the §-compound was isolated (Bergmann, Zervas, Selemann, and 
Schleich, Z. physiol. Chem., 1934, 224, 17). Investigations in the aspartic acid series will form 
the subject of a later communication. wee 
irregularly; Nicolet (J. Amer. Chem. Soc., 
anhydride yields 


reasonably sharp but varied between 166° and 171°, 
recrystallisation ; the benzylidene derivatives also varied in melting point. Conversion into the 
azide and coupling with glycine ethyl ester gave a product from which a small quantity of 


0°8 mole of carbon dioxide was evolved (Van Slyke, Di MacFadyen, and Hamilton, ]. Biol. 


as the -nitrophenylhydrazone), but hydrogenation of the ether-soluble portion of the 
products gave L-ay-d It is 
tamylhydrazide was a mixture of the a- and the 

fale to eparate Authentic samples of both isomers 

oung, following paper) and from their 


greatly in composition, containing between 8 and 88%, of the a-form. Reaction in chloroform 
solution gave similar mixtures. 

It seems likely that in ring openings of this type we must expect the formation of both 
isomers; crystallisation of the main product may thus be hindered, whilst in some cases mixed 
crystals may be formed. We have therefore developed a method which has proved useful for 
the purification of certain of such products. The acid strength of carbethoxyglycine (pA’ 3°65) 
is considerably greater than that of acetic acid (pX 4°76) and it is therefore to be expected that 
coupling products with free a-carboxyl groups will be more acidic than their y-isomers. 
Fractional extraction with aqueous sodium carbonate of solutions of such materials in organic 
solvents has in fact been found of great value. In this way it has been found possible to isolate 
a small sample of carbobenzyloxy~y-1-glutamylglycine ethyl ester from the reaction of the 
anhydride (1) with glycine ethy] ester. 

With this procedure, we have examined the reaction of carbobenzyloxy-t-glutamic anhydride 
with the ethyl esters of t-valine, t-leucine, and L-aspartic acid. For the coupling we have 
used a modification of the method of Boothe et al. (loc. cit.) ; the ester hydrochloride was dissolved 
in aqueous potassium hydrogen carbonate in contact with a layer of ethyl acetate, and the 
anhydride in ethyl acetate solution was added gradually with stirring. In this way we obtained 
hydrogenation gave Analogous 
reactions yielded 2-.-glutamy!-t-leucine and -L-aspartic acid. tis of 
coupling, we prepared also by this route the previously known ethy! esters of carbobenzyloxy- 
a-L-glutamy!-glycine, -1-glutamic acid, and -glycylglycine. The yields were somewhat lower 
(ca. 40% calculated on the anhydride) than normal, but the economy in the use of ester is 
considerable. In the last case the yield was only 21%, but this is perhaps to be expected since 

For the preparation of carbobenzyloxy-t-aspartic anhydride, Miller, Behrens, and 
du Vigneaud (/. Biol. Chem., 1941, 140, 411) found it advantageous to close the ring by the use 


the 
al, 
of the anhydride with triethyl a-1-glutamyl-t-glutamate. Similar anomalies occur with the 
anhydride; from the reaction with glycine ethy! ester the 
3315) have found that phthaloyl-1-glutamic anhydride also gives y-derivatives 
It seemed possible that the ambiguity of the anhydride route might be avoided, if hydrazine _ 
were to react with carbobenzyloxy-t-glutamic anhydride to yield an acid hydrazide of 
determinable structure; a preliminary note of the results of this investigation has appeared od 
(Le Quesne and Young, Nature, 1949, 168, 604). With aqueous hydrazine at 0°, a crystalline 
of the coupling product gave a mixture of «- and y-glutamyl-peptides since with ninhydrin 
known specific rotations it appears that the samples prepared by the anhydride route varied 
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of acetic anhydride at room temperature. We find that similarly mild conditions, followed by 
vacuum-distillation of the solvent at 50—60°, lead to carbobenzyloxy-t-giutamic anhydride of 
slightly increased optical activity ([2), —45°1° + 02° in glacial acetic acid; Bergmann and 
Zervas, loc. cit., reported (a), —44°1"). 

We then extended our investigation of the ring opening of carbobenzyloxy-1-glutamic 
anhydride to the reaction with alcohols. «-Methyl carbobenzyloxy-1-glutamate has been 
obtained as a syrup by reaction with sodium methoxide (Harington and Mead, Joc. cit.); with 
sodium ethoxide Melville (Thesis, London, 1934) obtained an oil which he considered to be 
«ethyl carbobenzyloxy-t-glutamate admixed with some 30%, of the y-isomer. By treating 
the anhydride with ethanol at 125°, Neuberger (Biochem. J., 1936, 30, 2085) obtained a syrup 
which slowly crystallised, yielding a product, m. p. 100°, which appeared to be the a-ester. 
Since then, other workers have made unsuccessful attempts to repeat this preparation (see, 
«4, Boothe ef al., J]. Amer. Chem. Soc., 1948, 70, 1099). Despite many variations in conditions 
we also failed to obtain this compound, but by fractional extraction of the reaction products 
with aqueous carbonate we isolated instead a substance, m. p. 46—48°, which with ammonia 
yielded and with hydrazine gave carbobenzyloxy-a-L-glutamyl- 
hydrazide (see Le Quesne and Young, following paper). Hydrogenation gave material, m. p. 
116-117", compared with 110° reported by Neuberger for his a-ethy! t-glutamate. It appeared 
possible that it was a case of polymorphism, and through the kindness of Professor A. C, Chibnall 
and Dr. Neuberger we obtained a small specimen of the higher-melting material prepared by 
Neuberger’s method at Cambridge. A mixture of the two melted over a considerable range and 
interconversion could not be achieved. Finally, we prepared carbobenzyloxy-p.-glutamic 
anhydride, which in hot ethanol yielded a crystalline product shown by its properties to be 
@-ethyl carbobenzyloxy-pt-glutamate, m. p. 99—101°; mixed with the Cambridge sample 
(of m. p. 95-—-97"), the m. p. was 95--99°. For comparison we prepared y-ethyl carbobenzyloxy- 
bi-glutamate from y-ethyl-pi-glutamate; it had m. p. 83-——85°, depressed on admixture with 
the isomer. The ease of crystallisation and low solubility of the racemic a-derivative would 
explain its isolation from syrups in which it is a minor constituent. We consider therefore the 
compounds reported by Neuberger to be racemic and we place on record our constants for 
a-ethyl and a-ethyl-L-glutamate. 

a-Benzyl carbobenzyloxy-i-glutamate has previously been prepared as an oil, by treating 
the anhydride with benzyl alcohol at 100° (Bergmann, Zervas, and Salzmann, Ber., 1933, 66, 
1288). By fractional extraction with aqueous sodium carbonate of a solution of the reaction 
products in ether, we have now obtained this useful intermediate as a crystalline solid, m. p. 

EXPERIMENTAL. 
All m. p.sare uncorrected. Combustion analyses are by Drs. Weiler and Strauss and by Mr. F.C. Hall. 

Reaction between Carbobenrylory-t-giutamic Anhydride and Hydrarine.—(a) In aqueous solution. 
Carbobenzyloxy-t-glutamic anhydride (12 g.) was dissolved portion-wise with stirring at 0° in aqueous 
hydrazine hydrate (30%; 48 ml.). The solution was acidified to C red with concentrated hydro- 
chioric acid, and then saturated aqueous sodium acetate was added until it was no longer acid to Congo- 
red. After 30 minutes, the precipitate was filtered off and washed with water. Recrystallisation from 
boiling water (250 ml.) gave mixed crystals (4) of carbobenzyloxy-a- and -,-1-glutamylhydrazides 
(11-25 g., 84%), m. p. 166-167 raised by recrystallisation to 168° (Found: C, 626; H, 57; N, 14-5. 
Cale. for C, 52-0; H, 68; N, 142%), —17-9° (¢, 6-19 in 0-5n-hydrochloric acid) ; 
other samples had varying between — 14-2" and ~22-2°. 

(b) Im chloroform solution. A solution of carbobenzyloxy-t-glutamic anhydride (5 g.) in chloroform 
(25 ml.) was added gradually with shaking to a mixture of hydrazine (anhydrous; 1-7 ml.) and chloroform 
(26 mi.) at ©". After some minutes, the solution was extracted with water (10 mi.) twice and the 
combined = yo « extracts were washed with ether. The aqueous layer was acidifed to Congo-red with 
concentrated bydrochioric acid, filtered, and neutralised with saturated aqueous sodium acetate. It 
was set aside at 0° for 30 minutes and the mixed crystals were filtered off (2-85 g., 64%), m. p. 154—158°, 
raised by recrystallisation to 163— 166°, [a)}f —19-0° (c, 7-9 in 0-5n-hydrochloric acid). 

Penrylidene Derivative of Product (A) (0-1 ¢.) was 
dissolved in aqueous acetic acid (60%; 10 ml.), and benzaldehyde (0-1 ml.) added. After 30 minutes 
at ©", the precipitate was filtered off, washed with water and ether, and air-dried; it had m. p. 197°, 
unaltered by recrystallisation from aqueous ethanol (Found: C, 62-8; H. 56; N, 11-1. Calc. for 


CogH,,O,N,: C, 6246; H, 55; N, 11-0%). Different samples of hydrazide gave products melting 
between 170° and 203° 

Convermon of Product A into the Aride, and Coupling with Giycine Ethyl Ester_—A solation of carbo- 
benszyloxy-t-glutamylhydrazide (4) ee) im a mixture of water (60 ml.) and concentrated hydro- 
ehloric acid (3-5 ml.) was covered with chloroform (30 ml.) and stirred mechanically at 0°. A solution 
of sodium nitrite (1-1 g.) in water (5 ml.) was added portion-wise during 5 minutes and stirring continued 
for an additional 10 minutes. The chloroform layer was then separated, washed twice with ice-cold 
water, and dried (Na,SO,) for a few seconds. It was then slowly added at 0° to a solution of glycine 
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After 5 hours at room temperature it was washed with dilute h 
under reduced pressure. The product ( 
had m. p. #0-—@0", raised by repeated 


ethy! ester was filtered off; it had m. p. Piso 135" mixed with the ring-opening product 
Coupling Product B.—Carbobenzyt 1-ghutamylgly 
Product B above) (0-45 g.) was disso a 
ture. The solution was then aci with Sn- 


aqueous pressure. The 
wan Preasare and excess of ethanol added. 
=a a by filtration gave 0-8 mole of carbon dioxide with ninhydrin at 100° 


Degradation Product A.—A solution of loxy-t-glutamylhydrazide (A) (2 g.) in 

mixture of water (50 ml.) and concentrated hydrochloric acid ( Gas atthe 
With mechanical stirring at 0°, an aqueous solution of sodium nitrite (0-8 g.) 

portion-wise during 5 minutes, ethereal 
washed twice with ice-cold water, dried (Na,SO,) for a few minutes at 0", and filtered into 
The ether was removed under reduced pressure at room temperature, 

at that temperature for 2 hours. After cooling, ether ( . 

*; 100 ml.) were added. The oil which separated was triturated with 

the extract, is vacuo, gave an oil (C). The solid 

aminobutyric acid (0- 168 171°, raised by recrystallisation 
ethanol to 178174" (Pound H, 55; N, 72. CyHyO.N, requires C, 62-2; H, 5-7; 


acid in 


ladium black was , hydrogenated at pressure. 
Fehling's solution and ammoniacal silver nitrate. 

and the remaining solution treated with p-nitropheny!- 
hydrazine in dilute hydrochloric acid, giving a yellow ts Daten This was rec 


from 
water giving golden of the m. p. 174-177" 
(Found : C, H, N, 17-7%) 
Diamimobutyric hydrogenated 


. the solution left at 6° t. Yellow crystals of 
ric acid were obtained, having mp 100-182" (Found Cc, 
H, 2-8; N, 196 


removed in vacuo at 50-—60° and the residue dissolved in ry 
eg After 1 hour at 0°, the carbobenzyloxy-1-glutamic anhydride was filtered off (13-0 ¢., 
falp —45-1° 9-06 in glacial acetic acid). 
L-Valine Ethyl Ester Hydrochloride.—-1.-Valine (2 g.) and ethanol (25 ml.) saturated with hydrogen 
chloride were refluxed t for 3 hours. After removal of the solvent under reduced 
ester hydrochloride cry when kept in a vacuum-desiccator ; tion from | acetate— 
. ve deliquescent crystals (2-2 g., 71%), m. p. in a sealed tube (Found: Cl, 
9. C,H,,0 Cl requires Cl, 19-5%) 
(1-1 g.) and potassium ee ee 5 g.) in water (10 ml.), covered with ethyl acetate (10 mi.), 
was stirred mechanically wh solution of carbobenzy' 
ao mil.) was added portion- 
morning the layer was separated, acidified with 5y-hydrochloric ackd and extracted twice 
with ethyl acetate. After being washed with water, the ethyl acetate layer was successively extracted 
with aqueous sodium carbonate (four portions each containing 0-06 g., then 0-5 g.) and 
extracts acidified with Sn-hydrochloric acid. The oil which from the last fraction soon 
and 


ve a cil which, the 
off, washed with water 


was extracted 
m. p. 183189", 


t eum to $6 —104 
pleum was 
hed 
(mixture 
5 mi.) and 
jc acid and 
extracted twice with ethy! acetate: the combined extracts were washed with dilute hydrochioric acid 
and water, dried (Na,SO,). and evaporated under reduced pressure. The remaining oi! was dissolved in 
aqueous methanol acidihed with acetic acid, palladium bia reing U as catalyst he solution was 
filtered ar 1 evaporated to sma yume under reduced pressure Saturated aqueous picric acid (40 mi.) 
was ate of L-ay-diamino- 
buty N, 103. Cale. for 
ri and acetic anhydride 
(30 mi were set aside wit <CAS al shaking unti mplete dissolution oc curred The solvent was 
ultimate extraction gave more solid material. Recrystallisation from ethyl acetate gave carbo- 
ethyl ester (1-0 g., 32%), m. p. raised to 122-124" by further 
(Found: N, 740. C,,H,,O,N, requires N, 6-9%). 
ethyl ester (0-8 
in N-sodium h with 5x-hydro- 
chioric acid ¢ 
valine was filt 
(0-5 1 tight 
poteclcem | found: C, 5468; H,@4; N, 78. C,,H,,O,N, uires C, 66-8; H, 64; N, 7-4%). 
valine g.) was hydrogenated in the 
usual way in aqueous methanol. ot vi-t-valine separated during the reduction and, after 
by i from aqueous ethanol to 189-—190° (F 3G : 
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wee. 10-6. C, 468: H 74: 114%), +24-5° (c, 2-05 in water containing 


m. p. 127—1 from commercia! L-leucine) and g.) in 
), covered with ethyl acetate (10 ml.), was trea with a -t-glutamic anhydride 

(1-66 g.) in ethyl acetate (10 ml.) as for the valine ester. The final fraction from the sodium carbonate 

treatment was extracted into ethyl acetate, dried (Na,SO,), and evaporated under reduced pressure. 
The product slowly crystallised under light petroleum, was a from toluene (3-4 ml.), 
giving ethyl ester g., 30%), p. 88-04", raised to 
recrystallisation from othyt acetate-light petroleum (Found: C, 5. H, 70; N, 68. C,,H,O 


o-t-Giutamyl-t-leucine.—-Carbobenryloxy-e-L-glutamyl-t-leucine ethyl! ester (0-7 g.) was dissolved in 
»-sodium hydroxide (5-5 ml.) and left at room temperature for 1 hour. The solution was acidified with 
Sn- nydsochloric acid and extracted 3 times with ethy! acetate. The combined extracts were _— 
with a little water, dried (Na,SO,), and evaporated under reduced pressure, leaving carbobenzylox 
i-glutamyl-t-leucine as a syrup. This was hydrogenated in the usual way in methanolic solut 
Reduction took about 12 hours. The solution was filtered and the precipitate washed with 
water. The combined filtrates were evaporated under reduced pressure to smal) _ volume, and e 
was added. After 1 hour at 0", the a-t-giutamyl-t-leucine was filtered off and with ethanol. It 
forms shiny plates, m 196197" (Found: C, 50-8; H, 7-5; N, 10-8. C,,H,,O,N, requires C, 50-7; 
10-8%), 1-75 in water containing 1 mole of hydrochloric acid) 

columns from ethanol-ether; m. p. 98—102° in a sealed tube) and potassium hydrogen carbonate 
(4-0 g.) were dissolved in water (40 ml.), and ethyl acetate was added (20 ml.). The mixture was treated 
with a solution of carbobenzyloxy-1-g!utamic anhydride (3-6 g.) in ethyl acetate (20) ml.) as for the valine 
ester. The last fraction and that obtained by refractionation of previous fractions with sodium carbonate 
gave, on acidification, oils which rapidly crystallised to give diethyl carbobenzyloxy-a-t-giutamyl-1- 
aspartate (2-6 g., 43%), m. p. 107-118", raised to 118—120° recrystallisation from ethy! acetate— 
light petroleum (Found: C, 65-6; H, 63; N, 60. Cy,H,y,O,N, requires C, 55-8; H, 62; N, 62%). 

Carbobenrylory-a-L- -glutamyl- L-aspertic Acid.— yt 
(1-5 g.) was dissolved in »-sodiam hydroxide (11 mi.) oe left at room ature for 40 minutes. 
After being acidified with 5x-hydrochloric acid and k for 30 minutes, rvloxry-a--glutamyl-L- 
aspertic acid (1 1 g., 70%) was filtered off, washed with a little water, and dried. The m. p. was 170—173°, 
raised by recrystallisation from hot water to 171—-174° (Found: C, 51-2; H, 52; N, 68. C,,H,,O,N, 
requires C, 51-5; H, G1; N, 

Acid —Carbobenzyloxy-e-t ofthe ftrate and acid was h in 
the usual manner in aqueous methanol. Evaporation of the filtrate and ow dong to small volume, and 
with ethanol, gave 138—141° (Found 

986, H, N, requires C, 38-6; Parry 58; N, +30-2° (c, 2-32 
in water) 

Diethyl Carbobenzyloxy-a- L- t-ghutamate.—Diethy! t-glutamate hydrochloride (3 g.) was 
dissolved in aq ydrogen carbonate covered with ethyl acetate, and treated with 
carbobenzyloxy-t- glutamic sabyériae (3 g.) in a similar manner to the above esters. Diethy! carbo- 
benzyloxy-a-L-glutamy!-t-glutamate was obtained (2-3 g., 43%), 132—134°. 

Carbobenzylory-a- and -y-glutamylglycine Esters. —Glycine yl ester hydrochloride 
treated similarly with potassium hydrogen carbonate and car zyloxy-t- lutarnic — (3-0 ¢). ). 
Carbobenzyloxy-a-t-glutamyiglycine ethyl ester (1-6 g., 38%), m. p. 120—123°, was obtained from the 
final sodium carbonate extract. Refractionation of the first extract gave a ae tity of carbo- 
bencsyloxy-y-L-glutamylglycine ethyl ester, m. p. 105—108°, unchanged by admixture with the y-compound 
prepared as in the subsequent 

Ethyl ine ethyl ester hydrochloride 
(1-5 g.) in aqueous potassium hydrogen carbonate covered with x acetate was treated with carbo- 
benzyloxy-t-glutamic anhydride (1-5 g.) in ethyl acetate as above. From the last fractions obtained by 
sodium carbonate extraction, carbobenzyloxy-e-t-glutamyiglycyliglycine ethy! ester was isolated (0-5 g., 
21%). m. p. 134-—136° 

—Carbobensylox ~a-L-glutamylgl ine was hb ted in the 
usual manner in Ev ion of ethanol 
gave m. p. 160—162° (Found: C, 41-1; H, 55. C,H,,0O,N, requires C, 
41-4; H, 58%) 

Paper Partition Chromatography of Some a-Glutamyl- —By use of phenol saturated with — 
in an atmosphere containing ammonia, the following Rp values were obtained, each peptide givi 
single spot with ninhydrin: a-t-glutamyl- 0-15, -1-tyrosine 0-36, -t-valine 42, -t-leucine 
-L-glutamic acid 0-06, -t-aspartic acid 0-04, and -glycylglycine 0-19 (glycine, 0-43, glutamic acid, 0-18). 

a Ethyl Carbobenrylory-_-glutamate -—Carbobenzyloxy-L-glutamic anhydride (14 g.) was heated in a 
sealed tube with ethanol (70 mi.) at 120-—.130° for 4 hours. After cooling, the excess of ethanol was 
removed under reduced pressure, and the residue dissolved in ether. The solution was extracted with 
4 successive portions of aqueous sodium carbonate (each containing 0-6 g.), then with excess. The final 
fraction on acidification gave an oil which rapidly solidified. Refractionation of the other extracts gave 
more a-<thyl carbobenzyloxy-t-giutamate monohydrate (total: 5-1 g., 20%), m. p. 46—48° (Found: C, 


56-4; H, 6-8. C,,H,O.N,H,O requires C, 55-0; H, 65%). Drying over ric oxide in a vacuum- 
desiccator gave the ‘anh ahydrows ester, m 46—48" (Found C, 58-6; ‘3; N, #7. C,,H,O,N 
requires C, 582; H, 62; N, 45%), valle —21 4° 2, 77 in ethanol). The mixed m. p. with Prof. 


Chibnall’s sample (m_ p. 95-97") was 41-90 
Refractionation of the first sodium carbonate extracts gave y-ethyl carbobenzyloxy-t-glutamate, 
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recrystallisation from acetate-light petroleum, had m. p. 82-84". The mixed m. 
with the authentic y-compound was 
Anhydride. acid (6-5 oe p. 122— 


Di -glutamic &. 
C, 502; H, N. 5S. requires C, 59-3; 50: 
-Di-glutamate —Carbobenzyloxy - Dt-glutamic anhydride was treated as 
‘= 


Ethy! pt-glutamate (1-6 


p. with the e-c 


ompound 
e-Ethyl .-Glutamate was b 
to small volume 


all solvent; heating conned decor 
—a-Ethyl glutamate 1 


Sitered efter 


prepared by method wes —172*. 
a-Benzyl C L-glutamate —C -L-glutamic anhydride and benzyl 
alcohol (1-5 g.) were heated at 100° for 34 hours, c and dissolved in ether. jon 


fractionally extracted with aqueous sodium carbonate. The last fraction was acidified and extracted 
with ether. After the ethereal layer had been dried and the solvent removed under reduced pressure, 
the product solidified during some days. It was washed with cold toluene (2-3 mi.) and the e-benzyl 
filtered off 18%), pt m. p. 76—80". It ina 
ta! adding water filtered off t was air-dried 
to give m. p. 78—81° (Found Cale. for 
C,,H,,O,N C, 64-8; H, 57; N, 38%). 
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400. Amino-acids and Peptides. Part II. Synthesis of «- and 
y-L-Glutamyl-peptides by the Azide Route. 
By W. J. Le Quesne and G. T. Youns. 

Carbobenzyloxy tamylhydrazide has been synthesised and its usefulness in 
the anhydride route paper). Th 

ip and purity and has been used for the syn of the 
peptides : -i-glutamic acid, -t-aspartic acid, -1-tyrosine, 
of some a- and y ; there are indications that hi under these 


Tue a- and y-hydrazides of carbobenzyloxy-t-glutamic acid should clearly provide unambiguous 
paths for the synthesis of a- and y-1-glutamyl-peptides. In Part I (preceding paper) it was 
shown that the action of hydrazine on carbobenzyloxy-.-glutamic anhydride gives a mixture of 
a- and y-isomers, which cannot be separated by crystallisation. The hydrazides have therefore 
been prepared by other routes, and characterised, and their use in synthesis has been examined. 

a-Ethyl carbobenzyloxy-.-glutamate (loc. cit.) with hydrazine at room temperature afforded 
carbobenzyloxy-2-L-glutamylhydrazide (I). Curtius degradation in benzy! alcohol of the azide 
formed from this material gave yy-dicarbobenzyloxyaminobutyric acid, in confirmation of the 
expected structure. The benzylidene derivative has m. p. 194—196°. Hydrogenation of (1) 
gave a-.-glutamylhydrazide. 


CH,Ph-O-CO-NH-CH-CO-NH-NH, 
~CHyCO,H CH, CO-NH-NH, 
(ly a.) 


95° 
m. p. 108-—-109° (Foun 
Ethyl Carbobdency' 
for the L-compound 
which rapidly solidi 
another crop was ob 
101° (Found: C, 581; 
Chibnall’s sample (m p. 95-—97 
~Ethyi me manner 
IDR 
ether—li 
The mixed 
drogenated in the usual manner 
in and ether added. The «-ethyi 
lutamate was filtered off and repre tated from ethar solution with ether, then having m. p. 
temperature did nut remove 
in aqueous 
centrated hydro- 
chlor acid, wit! glutamine was 
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The azide prepared from (I) was coupled with glycine ethyl ester in chloroform, yielding 
carbobenzyloxy-a-t-glutamylgtycine ethyl ester. Coupling with diethyl 1-giutamate and with 
L-tyrosine ethyl ester gave analogous derivatives, identical with those prepared by the anhydride 
route, but the yields in ap case were lower. 

For the preparation of carbobenzyloxy-y-t-glutamylhydrazide (II), we treated with 

Abderhalden and Nienburg’s 1 carbobenzyloxy-.-giutamate (Z. physiol. 
Chem., 1033, 219, 155), the structure of which was proved by Bergmann and Zervas (ibid., 1933, 
221, 51) and by Nienburg (Ber., 1935, 68, 2232). A preliminary report of this part of our work 
was presented in Nature (1949, 163, 604). Hegediis had meanwhile reported (Helv. Chim. Acta, 
1948, 81, 737) the synthesis of this hydrazide, m. p. 170—172°, by a similar route and in 44% 
yield. We obtained however an 80% yield of recrystallised product of m. p. 178—179°. The 
benzylidene derivative has m. p. 201—202°, depressed by admixture with that of the a-hydrazide. 
Curtius degradation in benzy! alcohol of the azide formed from (II) gave a product which, on 
hydrogenation and short acid hydrolysis, yielded t-xy butyric acid, isolated as the 
dipicrate. Examination of the solution obtained after hydrogenation failed to detect the 
presence of the aldehyde which would result from contamination of the original material by 
a-hydrazide. 

The usefulness of carbobenzyloxy~y-t-glutamylhydrazide has been shown by Hegediis (/oc. 
cit.) in a novel synthesis of glutathione. We have coupled the azide with the glycine ethyl ester 
in chloroform, obtaining carbobenzyloxy-y-.-glutamylglycine ethyl ester, which on saponi- 
fication gave carbobenzyloxy-y-t-glutamylglycine; hydrogenation then yielded y-1-glutamyl- 
giycine. The presence of a free a-amino-acid group in this dipeptide was shown by the reaction 
with ninhydrin under standard conditions (Van Slyke, Dillion, McFadyen, and Hamilton, J. 
Biol. Chem., 1941, 141, 627), which gave 10 mole of carbon dioxide. Through analogous 
intermediates y-t-glutamyl-.-glutamic acid, -L-aspartic acid, -L-tyrosine, and -glycylglycine 
have been synthesised. 

We have successfully used the method of Boothe et al. (J. Amer. Chem. Soc., 1949, 71, 2304), 
coupling the azide with glycine in aqueous potassium hydrogen carbonate solution. With other 
amino-acids, we have experienced greater difficulty in obtaining pure products than when using 
anhydrous conditions. In general, y-glutamyl derivatives show considerable reluctance to 
crystallise; this factor facilitates the isolation of a-glutamy! derivatives from mixed coupling 
products, but renders work upon the y-isomers difficult. 

An investigation of the autobydrolysis of a- and y-glutamyl-peptides is now in progress and 
some preliminary results are of interest. Aqueous solutions of the peptides were heated at 100° 
and samples were examined by paper partition chromatography at various times. After 
24 hours, little of the original peptide remained from y-L-glutamy!-glycine, -L-tyrosine, -L-aspartic 
acid, -t-glutamic acid, or -glycylglycine; in each case, strong colours were formed with ninhydrin 
corresponding in position to the second-named amino-acid, the tripeptide yielding mainly 
glycyigiycine but also some glycine. Only from the hydrolysis of y-.-glutamy!-1-glutamic acid 
could a significant amount of glutamic acid be detected. From a-.-glutamylglycine and 
«-L-glutamyl!-t-aspartic acid only small amounts of dipeptide remained after 24 hours; glycine 
and aspartic acid respectively were readily detected but again no glutamic acid appeared. 
Solutions of a-t-glutamy!-t-valine, -t-leucine, -L-tyrosine, and -L-glutamic acid showed after 
24 hours not more than traces of any material giving a colour with ninhydrin. In a control 
experiment, after being heated for 24 hours at 100° an aqueous solution of L-glutamic acid still 
gave a normal though somewhat weaker chromatogram. 

A possible explanation of these results is that autohydrolysis of a- and y-glutamyl peptides 
is preceded or accompanied by cyclisation to form pyrrolidone derivatives, which do not give a 
ninhydrin reaction. In 0-6~-hydrochloric acid, where cyclisation is not to be expected, all the 
glutamy!-peptides examined gave chromatograms consistent with the presence of the normal 
hydrolysis products, including glutamic acid. These investigations are being continued. 


EXPERIMENTAL. 
All m. p.s are uncorrected. F.C. Hell. 


Carbobensyloxy -a Ethyl carbobenzyloxy-t-glutamate (2 g 
was added drop-wise, with shaking, to hydrazine gees (3 oi: 90 )d 


) in ethanol (3 
war minutes. After 2 days at room temperature, water (12 ml.) was added, followed by concentra’ 
hydrochloric acid until the solution was acid to Congo-red. The solution was neutralised to Congo-red 
with saturated aqueous sodium acetate and left at 0° for | hour, and the carbobenryloxy-a-L-glutamyl- 
filtered off and washed with water Them was 163-166", raised 


boiling water to 168-170° (Found: ©, 526; H, 5-7. C,,H,,O,N, requires C, 52-9; H, 
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(Found. in 0-6~-hydrochioric acid). The benrylidene derivative had mp. 194—196* 
67. N10. H,,0,N, requires C. 626; N, 110%). 


the aside tm ether (20 sal.) 
was added to benzyl alcohol (1-5 ml.). The ether was removed under reduced and the 


-e-k 
the tn chloroform (15 mi.) in the normal manner. 
washed with water and dried (Na,SO,) for a few seconds, it was added at 0° jon-wise, with shaking, 
to a solution of glycine ethy! ester (from 3 g. of hydrochloride) in chloroform (15 9 The mixture was 
lett for | hour at overnight at oom temperature It was then washed with 2n-bydrochiorse acid 
and water, dried (Na,SO,), and under reduced . The product solidified under 


25¢ had 120-1 unchanged by admixture with the 


3-5 g. of hy ride) i in chloroform. After 2 days at 0—6"°, the wat 
hydrochloric acid and water, dried (Na,SO,), and evaporated under reduced pressure. The product was 

to yo we A recrystallisation. the compound from 


giutamythydsasite ( (1 g.) was converted into the azide in chloroform solution and added to .-tyrosine 
cchyl exter (2-8 g.) in chiceoform (15 ml.). The solution was left for § hour at 0° and t at room 
temperature, washed with dilute hydrochloric acid and water, dried, and evaporated w reduced 
pressure. Treatment of the resultant syrup with ethanol-ether 
12%), m. p. 162—-172°, raised to by recrystal 

The latter value was unaltered by admixture with the from the ening 
by Abderhaiden and Nienburg (Z. physiol. Chem., 1933, a3. 1s 155) and. carbon tetra- 
had m. p. 84-—86". 
Carbobenzyioxy-y- -Glutamylhydrande. —y-Ethyl carbobenzyloxy-t-glutamate (3-4 .) in ethanol 
(8 ml.) was added drop-wise 1 ) and left for 
48 hours at room temperature. ost of the ethanol was removed under reduced pressure and after 
addition of water the solution was acidified to C with hydrochloric acid. It was then neutralised 
with saturated aqueous sodium acetate; after 1 at 0°, the carbobenzyloxy-y-t-glutamylhydrazde 
3-2 g., 98%) was filtered off. It had m. p. 173-—174", raised y reer isation from boi water to 
78—179° (2-55 g., 80%) (Found: C, 52- H, 69; N, 14-0. CyH,,O.N,: C, 52-9; H, 68; 
N, 142%), [al®? —13-4° (c, 6-4 in O-5n- -nydrochioric acid), (a) mole 
of sodium hydroxide). The benrylidene derivative had m. depressed to 181—-186° 


) 


After removal of the ether under reduced ; 
A tion of it in aqueous methanol 
containing a little acetic acid was hydrogenated in the usual way. The filtrate was concentrated under 
reduced pressure to 2 ml., concentrated hydrochloric acid (2 ml.) added, and the mixture refluxed for 
75 minutes. The solution was then evaporated to dryness under diminished pressure; the residue was 
dissolved in a little water, and saturated aqueous picric acid (40 mi.) added. After 2 days at 0", the 
dipicrate of L-ey-diaminobutyric acid (0-1 g.) was filtered off, having m. p. 177-179", 
tion from hot water. 
ydrogenation did not reduce Fehling’s solution or give a with 
hen hydrochloric acid. 
ylory-y-L-glutam ane Ethyl Ester. —Carboben ( was 
azide solution and 


raised to 109" b tion 
C,,H,,O.N, requires C, 55-7; H, 61%). The mixed m. p. the « was 
Carbovensyloxy-y-L .—Carboben 


.-glutamylglycine ethyl ester was 
wim (10 ml) and et fot 2 at room t The was 


cimbined Catracts were wad with wall of te acid and water, dried 


wns on te titer = acetate. acetate, “Tt had ™. p. 


ma 
solution left overnight at room temperature, then fed at tor ther (10 
and the 77 acid (0-3 ¢., filtered off. After recrystallisation from 
ethanol, it had m. p. 171°, unaltered by admixture 
in aqueous methanol was hydro- 
genated in the usual manner with palladium black as catalyst. The filtrate was evaporated to dryness 
solidifying; it had m. fr 165-168", raised by recrystallisation from aqueous ethanol to | i771” 
Found: C, 36-8; H. C,H,,O,, requires C, 37-2; H, 60%) 
hydrazide (0-5 g.) was converted into the azide in the usual manner, and the dried etherea! solution added 
and yielded, after removal of the solvent under reduced pressure, an oi) which solidihed after some hours 
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from acetate ethanol light petroleum (Found : 53-5, 53; N, 83. 


the wes tate 
black. was ted under 
reduced to small volume After hour, the 
41-6; H, 50; N, 13-7, oN, requires C, 41-2; H, 5-0; N, 13-7%), + (e, 
With nimbydrin at 100° minutes at H 2-5, 1-0 mole of carbon dioxide was evolved. 
Diethyl Carbobenrylo. 


converted into the azide in CMioretorm mi} sad edded purtionwiss xt L-ghutamate 
(from 4 ¢ of hydrochloride). It was left for some hours at 0° and t at room temperature. The 

washed with dilute hydrochloric acid and water, dried ( 
The remdue was dissolved t petroleum added until a 
excess of light petroleum added to it; the 


hardened to onsistency 
under (Found: C, 56-1; 63; N, 65. O,N, requires 
C, 46; HL 66; N, 


diesoived in »-sodiam hydroxide (3 ml.) and left for 2 at room temperatu uent treat- 
ment in the same manner as in the hydrolysis of carbobenzyloxy-t-glutamylglycine = ester gave 
carbobenzyloxy-y-t-glutamy!-t-glutamic acid as an oil which did not crystallise under 
It was h in the usual manner in aqueous methanol, 

to 1—2 ml., acetone (10 ml.) was added. acid ted 
oan oll which Gidined after some minutes It was dissolved in water (2 ml.) and acetone (10 ml. added. 
After 2 minutes, the supernat was poured off and more acetone (20 ml.) added to it. The 
acid was filtered off after 1 hour at 0°, and had m. p. . Drying at 100°/18 mm. was found 
necessary to remove water (Found : 43-3; H, 62, N, 9-8. H, 5-8; N, 
11%). (¢, 1-1 in water containing | mole of by 


tion gave 
tography 
went fractions gave only one spot and had m. 
atl 18 mm. of water of isation (Found 
N, os H, 58; N, 100%), (a) +196" (c, 20 in water 


containing mole ol “The procedure used was sumias to that for the previous two dipeptides. 


zyloxy-y-t-glutamyl-.-tyrosine and its ethyl ester were obtained only as shellac-like masses, 
melting around 70° with loss of gas. y-1-Giutamyl-L-tyrosine crystallised when kept under acetone: after 

tion from water with acetone, it had m. p.219—221°. It was dried at 100°/18 mm. for analysis 
(Pou C, 53-9; H, 60; N,&7. C,,H,,O,N, requires C, 542; H, 5-8; N, 90%), [aff +25-6° (c, 2-1 


water) 

Ethyl E ster -y-L-glutamythydrazide (1-2 g.) 
aaeunuel into the aside in chloroform (20 ml.). This solution was at 0° to one of glycylglycine 
ethy! ester (from 40 g. of hydrochloride) in chloroform (20 ml.) and left for 2 hours at 0° and overnight 
at room temperature. The solution was then shaken with dilute hydrochloric acid. Carbobenzyloxy-y- 
ethyl both phases. It off and recrystal- 

yl! acetate product ( having m. p. 92—94° 
oxide in a vacuum-desiccator gave ( found € 53 H, 63; N, 93. 230,N,,H,O 
requires C, 51-7; H, 62; N, 05%). When dried at 61°/28 mm., the substance li ft solidified 
again on storage under light m, and was re-dried at 61°/18 mm. (Found : C. 58-4; H, 57. 
C, 53-9, ). 

-glutamyigd .—A solution of carbobenzyloxy yiglycine 
acidiied with 5x-hydrochloric acid and cooled to 0°; after hour carbobenzyloxy giutamylelycylelycine 
(140 89%) was off. It had m. p. 100-114"; rec water 

of the dried product with a little boiling ethyl acetate, the m. p. was 124—127° (Found: N, 10- 


uires N, 10-6%). 

vighycime cine (1-0 g.) was hydrogenated in the 
in aq the filtrate to volume under reduced 
ethanol was added After hour at 0°, the the It 
m. p. 176-—178", raised by Te from water by chenal to 79-180". It was dried at 
100° /18 mm. for analysis (Found: C, 41-3; H, 56; N, 16-5. C,H,,O,N, 41-4; H, 60; N, 

16-1%) and had (c, 2°75 in water). 
(Alternative T ). 
(1.0 g) was converted into the azide in ethyl acetate (15 m -) and then added slowly at 0° to a ution of 
=< g.) and potassium hydrogen carbonate (1:5 g.) in water (10 ml.), stirred mechanically. 
was continued for 15 minutes, and the solution for 2 hours at room temperature. The 
aqueous layer was acidified and extracted 3 times with an equal volume of ethyl acetate. The combined 
extracts were washed with a little water, dried (Na,SO,), and evaporated u reduced pressure. The 
remaining carbobenzyloxy-y-t-glutamylglycine was washed with a little ether and ethy! acetate and 
—— Recrystallieation tion from hot water raised the m. p. from 147-155" to 158—161° (0-45 g., 


were removed at intervals and examined by paper 

Kew J wer yer with water as the mobile phase in an atmosphere con 
ammonia. ted, the was sprayed with a solution of ninhydrin in moist butanol 
the colour developed by heat fith solutions in water and in 0-4w-hydrochioric acid, the 
Tesults were observed after 24 hours at 100°. The 


L-Ghutamyl peptides 1%) of -glutamyl- were heated in sealed 
partition 


y-t-Glutamy!-t-aspartic acid 
acid... 
a-L-Glutamyiglycine 

o-t-Glutamyl-t 


similarly gave glycyiglycine, + + + 4+; glycine, +. 
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401. The Symmetrical Dianthryls. Part IV. 
By F. Bett and W. H. D. Morcan. 


1: I’-Dianthraquinony!-4 : 4’-dicarboxylic acid has been resolved into optically active 
forms. Negative results were obtained on Ene oe | the resolution of naphthidine, | : 1'-di- 
naphthyl-4  4’-dicarboxylic acid, and 8’ -<diquinoly 
to peapere farther aveswowding ese 
ou 
Stawiey and Apams (/. Amer. Chem. Soc., 1931, 58, 2364) attempted the resolution of 1: 1’-di- 
anthraquinonyl-4 : 4’-dicarboxylic acid. They report that “it was impossible to fractionate 
the alkaloid salts .. . due to their insolubility,”’ but evidence is given for the uniformity of 
the quinine salt and also of the dimenthy! ester. The acid was regarded as non-resolvable and 
a tentative explanation of the result was advanced. 
Although the distance between the meso-carbon atoms in anthraquinone may be slightly less 
than that between the meso-carbon atoms in anthracene it can scarcely be doubted that the 
opposition to planarity in |: 1’-dianthraquinony] (1) is considerably greater than in 1: 1’-dianthryl 


(Il). In Part LI (J., 1949, 1579) it was shown that 1: \'-dianthryl exists in enantiomorphous 
forms of moderate stability. It follows, therefore, that 1: I’-dianth y! and any of its 
derivatives should exist in enantiomorphous forms, and we were led to repeat the work of Stanley 
and Adams. 

6K 


(1950) The Symmetrical Dianthryls. Part IV. 1963 
with water as the 
yl-pept 
»f 
the 
ainhydrin coloration: —, none detected: +. trace, +, weak: ++, fairly strong; + + +, strong; 
+++ +. very strong. 
Aqueous solution. 0-5~x-Acid solution. 
— 
Dipeptide Dipeptide, acid. amino-acid. Dipeptide. acid. amino-acid 
............ + +++4+ = ++++ 
+ +++ ++++ 
+ +++ +++ +++ 
++ +++ +++ 
+ ++++ 
An aqueous solution of glutamic acid, heated for 24 hours at 100°, gave a strong colour in the normal 
position. Under the same conditions, an aqueous solution of Geers a oh gave: tre 
: 
? 
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Rather surprisingly the quinidine, morphine, and cocaine salts of 1 : 1’-dianthraquinonyl- 
4: 4'-dicarboxylic acid were found to be excessively soluble. The brucine salt could be crystal- 
lised from alcohol and slow, but definite, resolution was observed. With cinchonine and 
cinchonidine, on the other hand, resolution was a facile process and no difficulty was experienced 
in securing the enantiomorphous forms of the acid with [a)p +428° and —443°. The optical 
activity of the acid dissolved in sodium hydroxide was very slowly lost at room temperature, 
but more rapidly on boiling (complete loss in somewhat over | hour's heating). Racemisation 
was usually made apparent by the sodium salt crystallising from the 1% solution of the acid in 
O1Ix-sodium hydroxide; the sodium salts of the active forms are much more soluble. The 
active acids were attacked only slowly by hot thiony! chloride and the resultant chloride was 
optically inactive. It was, therefore, not possible to prepare the diasterecisomeric menthyl 
esters 
1: 1'-Dinaphthyl (111) and 1: I’-dianthryl (II) are stereochemically closely related. If 
normal covalent radii are used the hydrogen atom in position 2 is barely in contact with the 
J 


> 


) 


hydrogen atom in position 8 (neglecting the van der Waals envelope). Two factors would be 
likely to render 1: 1’-dinaphthy! less optically stable than 1: 1’-dianthryl, viz, the weight 
factor, for the heavier the moving parts of the molecule the less easy the oscillations about the 
1: 1’-linkage, and, secondly, the buttressing factor, for the presence of the third nucleus must 
hinder the outward movement of the 9: 9’-hydrogen atoms in a dianthryl. Nevertheless it 
appears possible that |: 1'-dinaphthyl might be obtained in enantiomorphous forms. The most 
direct route to such optically active dinaphthyls appeared to be the elimnination of the amino- 
groups from the optically active 2: 2’-diamino-1 : I’-dinaphthyls already described (Kuhn and 
Goldfinger, Annalen, 1929, 470, 183). This, however, did not prove to be the case as conditions 
could not be found for smooth elimination. Next, resolution of 4 : 4’-diamino-1 : 1’-dinaphthyl 
by (+)-camphorsulphonic acid and of |: 1’-dinaphthyl-4 : 4’-dicarboxylic acid by brucine was 
attempted. The results were completely negative and, therefore, the resolvability of 1: 1’-di- 
naphthy! must remain an open question “ 

Kuhn and Albrecht (ibid, 1928, 464, 91) resolved 1 : 1’-dianthraquinonyl-2 : 2’-dicarboxylic 
acid by means of quimine. It is now found that this resolution is more easily accomplished by 
use of quinidine. The exceptionally high optical stability of the enantiomorphous forms is 
confirmed. In this compound the carboxyl groups must form almost insuperable obstacles to 
the opposed carbonyl groups. This opposition is of course lacking in the isomeric 1 : 1’-di- 
anthraquinonyl-4 4’-dicarboxylic acid 

The optical stability and high rotatory power of these compounds renders them promising 
starting materials for the preparation of systems such as (IV) and (V) which might be expected 
to be non-planar owing to intramolecular overcrowding. Compound (IV) might arise from a 
Hofmann reaction on the amide derived from the anhydride of 1: 1’-dianthryl-2 : 2’-dicarboxylic 
ackt. We failed to prepare the requisite anhydride. A compound of type (V) might be formed 
by the interaction of the chloride of 1: 1’-dianthryl-2 : 2’-dicarboxylic acid with metals, or of 
the ester with sodium (acyloin condensation) or 2: 2’-diformyl-1: 1’-dianthryl with potassium 
cyanide. The results of experiments along these lines were negative. 


EXPERIMENTAL. 
(M. p.s are uncorrected ) 


1. 4-dicarboxylic acid was prepared from 1-chloro-4-benzamidoanthra- 
quimone by the method of Stanley and Adams (loc. ct.), and formed a pale yellow powder, m p. 418°. 
he resolution with bracine was unsatisfactory but. nevertheless, that part of the salt which was least 
soluble in absolute alcohol gave an acid of small lavorotation, and the more soluble salt gave an acid of 
small dextrorotation. Resolution was however readily accomplished by use of cinchonine, which gavea 
less soluble salt af the | ackd, or cinchomdine, which gave a less soluble salt of the (+)-acid. 
following is a typical experiment. Cinchonime (6 g.. 2 mols.) was added to a suspension of the acid 
(5 ¢., 1 mol.) in bowling absolute alcohol (500 ¢ ¢.) About half of the acid rapidly dissolved but to get 
the remainder into solution required the addition of a further 3 g of cinchonine. No crystallisation 
occurred on cooling of the solution and for this it was necessary to reduce the volume to about 100 c.c. 
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The first crop consisted of almost pure cinchonine (3 g.), the second crop of bright avis © 
recovered acid (/4)p about +350° in um hydroxide) was purified by combination 
cimchonidine (below) 

The crop of cinchonine salt was recrystallised from alcohol until of constant sctatery gomes, {elf +20° 
(c, 1-01 in chloroform), and then had m. p. 207° (decomp.). Decomposition gave (—)-1 : I'-dianthra- 
quinony!-4 4’-dicarboxylic acid, m. p. 395", — 443" 1-02 in 0-1 n-sodium hydroxide). 

The (+)-acid (3-15 g.. | mol.; see above} was added to a boiling solution of cinchonsine (5-7 ¢., 
3 mols.) in absolute alcohol (250 ¢.c.}. The liquid immediately f with a heavy crystalline deposit 
of the cinchonidine salt. This was purified by ted extraction with hot alcohol 
m 234° (decomp.), furnished (+)-1 4’-dicarboxylic acid, = 300°, 
+4 1-404 in hydroxide). 

The sodium salts of the active acids were very much more soluble than was the sodium salt of the 
inactive acid, a 1% solution of which tended to crystallise in the polarimeter tube. At room temperature 
the solutions of the sodium salts slowly lost activity (the observed rotation had fallen to about one-third 
after 70 hours); at the b. p. the same loss was attained in somewhat under | hour. The active acid 
required some 6 hours’ heating with thionyl chloride for complete dissolution. The chloride left after 
removal of the excess of thionyl chloride was insoluble in benzene, chioroform, carbon tetrachloride, 
acetone, o-<dichlorobenzene, or methy! ethy! ketone, and was inactive in pyridine (¢, 0-99) 

Resolution of 1: Acad.—Quinidine (36-6 g.) was added to the 
ack! (24-5 g.) in boiling alcohol (1600 c.c.). The mixture, after botling for | hour, was allowed te cool 
overnight and the crystalline crop filtered off and well washed with alcohol. The resxiue (23-7 g.) was 
repeatedly extracted with hot alcohol to remove more soluble materials, and the final residue di 26) 
decomposed by trituration with dilute hydrochloric acid. The materia! so obtained crystallised from 
acetic acid in compact orange-red prisms, (a) — 318° (c, 2-6 in O-In-sodium hydroxide). The alcoholic 
hitrate from this salt was evaporated to about one-eighth bulk and the crop (4-8 g.) obtained on cooling 
filtered off. The alcoholic filtrate was poured slowly into boiling dilute hydrochloric acid whereupon 
there was obtained the (+ )-acid, + 304° (c, 2.5 in hydroxide) 

The acid was not decarboxylated nm it was boiled with quinoline for 4 hours. 

The acid was converted by thiony! chloride into the c ide which was used in the following 
experiments 

(i) The chloride (from 26 of (—)-acid), benzene (40 c.c.), and sodium azide (3 g.) were heated under 
reflux for 6 hours. Sodium hydroxide (3 g. in 25 c.c. of water) was then added and the heating continued 
for 2 hours. The benzene was removed in steam, and the residual solution filtered from a black highly 
insoluble material. The filtrate on acidification gave 1-7 g. of acid, (a),.5, —310° (c, 26 in O-In-sodium 
hydroxide) 

(ti) Sodium (0-8 g.) was added to the chloride (from 3-4 g. of acid) in boiling xylene. The sodium 
became covered by a black layer and little action appeared to take place. The majority of the acid was 
recovered unchanged after alkaline decomposition 

(i) A similar experiment with zinc gave equally negative results 

1: I'-Dianthryl-2 2’- dicarboxylic Acid. —This was not decarboxylated by ling it with q line for 
4hours. The acid chloride in boiling xylene with copper powder or finely vided pa gave amphi tso- 
pyranthrone as the only product of change 

The (—)-acid (1 g.) im acetic anhydride was boiled for | hour, The solution did not crystallise on 
cooling, so all the acetac anhydride was removed under reduced pressure. The residual bright yellow 
scales, darkening at 230° and almost black at 250°, could not be purified by crystallisation. Only the 
orginal acid was recovered ~ ag pac with aqueous ammonia (d 0-880) ; ‘the acid had undergone 
considerable racemisation )-acid was converted through the chloride into the ethy! ester, 
which crystallised from ethanol in yellow flocks, m. p. 177-180", —373° (¢, lin chloroform). The 
ester (3-5 g.) was added to powdered sodium (1 g.) im xylene, and the mixture boiled for | hour. The 
sodium almost immediately became black but otherwise little reaction occurred. After decomposition 
the majority of the ester was recovered as the fully active (—)-acid, whilet the blue-black residue the 
appearance of amphs-tsopyranthrone 

& | 8’ Diguinolyl.—This was prepared by the method of Niementowski and Seifert (Ber., 1905, 38, 
762). The base (1 mol.) did not dissolve in tartaric acid (1 mol.) in ethanol. With tartaric acid (2 mols.) 
a non-crystallising solution was obtained. 

With ( 4 )-camphorsulphonic acid a h crystalline salt was obtained. This could be recrystallised 
from alcohol without change of m. p. ( or rotatory power {/a).4, +197" (¢, 1-22 in chioroform)). 
The 6: 8 a recovered from all crops was completely inactive. 

4'-Diamino-1 -dimaphthyl (Naphthidine).—This amine was ed from | |'-azonaphthalene 
yy tion with stannous chloride and treatment of the product with concentrated hydrochloric acid 
( and ¢ , Ind. Eng. Chem., Anal., 1936, §, 306). Several attempts to prepare the compound 
from e-naphthy mine (Sah and Y uin, Rec. Trav chom., 1939, 68, 751) gave very unsatisfactory yields 

Naphthidine has been described as “ a compound fairly soluble in organic solvents." This statement 
is rather as the is about in either boiling absolute alcohol or boiling benzene, 
and the compou ain on cooling. For the following expermments the naphthidine was 
recrystallised from alec (11. for 8g.) (c 


Naphthidine did not yield a salt with tartaric acid. ‘When (+ . 2 mols), 
dissolved in alcohol, 1 mol.) dissolved in absolute alcohol 70 c.c.) an 


immediate pink coloured precipitate formed which was insoluble in the common solvents. This salt 
was repeatedly extracted with alcohol, and the (m. p. 263° ( falp 203 in 

idine)}} decomposed by trituration with dilute aqueous ammonia. The _— was optically 
nactive. 


the met of Ser Sour and Scholl (Aension, 1018, 68), ths only being that'the 4: 4 
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cyano-! I'-dinaphthy! was ted from the inorganic material by extraction with chloroform and 
hydrolysed with ethylene glycol-potassium hydroxie (10 cc. of 10%, solution per g.) for 15 hours 

At to resolve the using quinidine, morphine, cinchunine, and cinchonmidine failed owing 
te the high solubilities of the salts. Brucine gave a crystalline salt which after recrystallisation from 
alcohol had m. p. 215", — 17-9 (c¢, 2-35in oe The brucine salt did not exhibit muatarotation ; 
the recovered acid was completely inactive 

2: 2'-Diameno-1 — Deamination of the racemic compound, by the method of 
Koha and Goldfinger (loc. cit.}, was onsuccessful, using (a) the procedure applied to 2 2’-diamino-1 1’- 
dianthry! (/., 1969, 1582), (6) alcohol, («) sodium stannite, or (d) cuprous oxide-alcohol (Hodgson and 
Turner, J., 1962, 748). No definite compounds were isolated (cf. previous work by Corbellimi, Agi R. 
Acead. 14, 341) 

(rosettes, m 336", from o-dichlorobenzene) was converted as previously described (/., 1949, 1580) into 
crude 2.7 *-ditormy-1 I’-dianthraquinony!. The reddish amorphous material (50 g.) was extracted 
with aqueous sodiam carbonate solution (21. of 5%), and the residue dried (35¢.). This was dissolved 
in chloroform and the filtered solution evaporated to MH c.c. The fawn-coloured dialdehyde which 
separated had m. p. 313°. Owing to its insolubility it was not possible to submit it to the action of 
potassium cyanide under favourable conditions only tarry products were obtained. 


The authors are indebted to Mr. W. Smith, P.R.1.C., and Imperial Chemical Industries Limited 
Cea Division), for a gift of I-chloro-4-ben foanthr and to the Department of Scientific 
nadustrial Kesearch for a grant to one of them (W. H. D. M). 
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402. The Fluorination of Organic Compounds Containing 
Nitrogen. 


By R. N. Haszerpine. 


The fluorination of pyridine and aniline by the cobalt fluoride and catalytic methods yields 
the non-basic perfluoroptperidine and perfluorocyelobexylamine, respectively. The fluorination 
of dimethylaniline gives perfluoroc yclohexane, lamine, and possibly perfluoro- 
dimethyleyclohexylamine. Methylaniline simi perfluorocyclohexane and 


methylamine, the latter compound, which is non- 


also obtained by the passage of 
methylamine over cobalt trifluoride. 


Tue fluorination of hydrocarbons has been achieved by several methods, notably those 
involving fluorine itself in the presence of a“ catalyst " (Bigelow, Chem. Reviews, 1947, 40, 51; 
Haszeldine and Smith, /., in press; Grosse and Cady, Ind. Eng. Chem., 1947, 39, 290), the use 
of cobalt trifluoride (Fowler et al., Ind. Eng. Chem., 1947, 39, 292; Haszeldine and Smith, 
forthcoming communication), and more recently the electrolysis of compounds dissolved in 
anhydrous hydrogen fluoride (Simons, /. Electrochem. Soc, 1949, 95, 47; and Abstracts, 
116th Meeting, American Chemical Society, Sept. 1949). The unusual properties associated 
with the products are well-established (Smith, Ann. Reports, 1947, 44,86). Apart from a recent 
note (Haszeldine, /., 1950, 1638), the successful direct fluorination of heterocyclic nitrogen 
compounds or of aromatic amines has not been described. Simons (/oc. cit.), for example, has 
reported that the electrolysis of pyridine in anhydrous hydrogen fluoride yields perfluoropentane 
and nitrogen trifluoride 

The fluorination of pyridine, aniline, and dimethylaniline, and preliminary results with 
methylaniline and methylamine, are described in the present communication. Both the 
cobalt fluoride and the catalytic methods of fluorination were used successfully, although the 
yields of the corresponding perfluoro-compounds were extremely low. Pyridine was converted 
into perfluoropiperidine (1), and aniline yielded perfluorocyclohexylamine (II) 

-C¥, AF 
‘cF,-cF, F,—CF, 

The vapour-phase fluorination of basic compounds is difficult, probably because of the 
formation of a non-volatile hydrofluoride when the entering gas stream encounters hydrogen 
fluoride produced during the fluorination. This can be overcome to some extent by carrying 
the organic compound to be fluorinated in a stream of nitrogen, which also sweeps out the 


hydrogen fluoride formed. The basicity and tendency for hydrofluoride formation to occur is 
steadily reduced, whilst the volatility is increased as fluorine is introduced into the molecule, 
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and it is the initial reaction which is important in determining the yield. The fluorination of 
heterocyclic compounds or of aromatic amines which already contain fluorine should give 
yields much superior to those recorded here. The bisfluoromethylpyridines (McBee, Hass, and 
Hodnett, Ind. Eng. Chem., 1947, 39, 389), tristrifluoromethyltriazine (McBee, Pierce, and Bolt, 
Ind. Eng. Chem., 1947, 39, 391) and 2-fluoropyridine (Hawkins and Roe, J. Org. Chem., 1949, 
14, 328) are examples of such non-basic compounds. 

The elimination of the nitrogen atom in pyridine during fluorination was shown by the 
isolation of the straight-chain fluorocarbon, C,F,,. Other compounds, in which carbon-carbon 
bond fission instead of carbon-nitrogen bond fission had occurred, were also present in the 
reaction products but were not separated. Perfluoropiperidine is non-basic, and preliminary 
examination suggests that it has a stability similar to that of the fluorocarbons,. Whether 
there is any specific reactivity associated with the N-F bond has yet to be determined; Ruff and 
Giese (Ber, 1936, B, 69, 508), for example, postulated that mercury attacks the N~-F link in 


compounds such as CFyNF-NF-CF,. Relative to pyridine or piperidine, perfluoropiperidine 
has a low boiling point and refractive index, and a high density. These values—b. p. 49—50°, 
nf 1-279, df 1°738—are similar to those of comparable fluorocarbons (C,F,,, a solid, sublimes 
at 52°; C,F,,, b. p. 762°, 1-276, 1-784) 

The fluorination of aniline yielded perfluorocyclohexane as well as the non-basic perfluoro- 
eyclohexylamine, and showed that appreciable carbon-—nitrogen bond fission with subsequent 
complete fluorination of the ring had occurred. Perfluorocyclohexylamine has a boiling point 
close to that of perfluoromethyleyclohexane, and the density and refractive index are only 
slightly higher. Thus, the replacement of carbon by nitrogen to produce a compound with 
one less fluorine atom scarcely alters these physical properties 

The fission of the carbon—nitrogen bond during the fluorination of aniline produced perfluoro- 
cyclohexane and presumably nitrogen trifluoride, although the latter compound was not 
identified. When dimethylaniline was fluorinated, however, both products from the carbon- 
nitrogen bond fission (perfluorocyclohexane and perfluorodimethylamine) were identified : 
Perfluorodimethylamine has been prepared recently in these laboratories (Emeléus and 
Thompson, J., 1949, 3080) by the fluorination of trimethylamine. Perfluorodimethyleyelo- 
hexylamine was not definitely identified. The fluorination of methylaniline followed a similar 
course, and perfluorocyclohexane and perfluoromethylamine were isolated. The latter 
compound, which is also obtained by the direct fluorination of methylamine, was claimed by 
Ruff and Giese (loc. cit.) as one of the products from the fluorination of sflver cyanide, but these 
authors were unable to effect its separation from hexafluorcethane, Perfluoromethylamine 
and perfluorodimethylamine are both non-basic compounds which are stable to dilute aqueous 
alkali. These and the compounds described earlier contain electronegative fluorine atoms and 
trifluoromethy! groups attached to a nitrogen atom, and should not strictly be termed amines ; 
they are more related to the inert nitrogen trifluoride. It should eventually be possible to 
synthesise complete series of compounds (¢.g., NH(CH,),, NH(CF,)(CH,), NH(CF,),, NF(CF,),) 
of steadily decreasing basicity and reactivity. 


EXPERIMENTAL. 


The Cobalt Finoride Apparatus —-The compound to be fluorinated was added as a ap tay as 
& gas into a steel preheater, 12° long and of 2” internal diameter, heated electrically to or 20" 
depending upon the boiling point of the compound. A stream of dry nitrogen was admitted through a 
second inlet tube, and the organic vapour was thereby carried into a second furnace, 48" long and of 2° 
internal diameter, containing cobalt trifluoride. The cobalt trifluoride was prepared in situ by the 
passage of flaorine over trays of cobalt difluoride (2500 g.) heated to 350° until a strong positive test for 
fluorine was obtained at the exit. At the end of an experiment, the cobalt trifluoride was regenerated. 
Since profound decomposition occurred during most of the experiments described here, and since 
complete floorination was desired, considerably less of the organic compound was added than tha: 
which could theoretically be caused to react with the available fluorine (500 g.). At the end of the 
experiment, and half way through those experiments in which comparatively large amounts of material 
were fluorinated, addition of the organic compound was stopped, the temperature of the vessel was 
raised to 450°, and the apparatus was shaken vigorousty by two vibro-shakers whilst nitrogen was 
through the apparatus for two hours to remove and fluorinate any hydrofluorides formed during t 
reaction. Appreciable quantities of product were thereby obtamed. The temperature was then 
re-acdjusted, and the experiment continued. The reaction temperatures and conditions quoted below are 
not necessarily the best, and variation in the conditions would probably lead to improved yields. 
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Catalytic Fluorination Apparatus.—A vertical steel tube, 24” long and of 2” internal 
diameter, was filled with gold-plated copper turnings, and heated electrically. The vapour of the 
organic compound, diluted by nitrogen, and fluorine, also diluted by nitrogen, were passed into the 
vessel through diametrically-opposed tubes situated 2” from its top. The exit gases from the reactor 
base were collected in a series of cooled traps. The apparatus was similar in design to that described by 
Maszeldine and Smith (lec. cit.) ; see also Cady and Grosse (loc. cit.). 

Fluorination of Pyridine by Means of Cobalt Trifluoride.—Pyridine (0 g.) was passed at a rate of 
10 ml. ‘hour over cobalt triflaoride heated to 350°; the nitrogen dilution was 101 /hour. The uct 
collected in the traps was allowed to warm slowly to room temperature and, by being heated on a viling- 
water bath in a stream of nitrogen, the material of b. p. < 100° was passed through a « tube, 24° 
— packed with sodium fluoride pellets and heated electrically at 100°. The products from six 
such experiments (47-3 g), now free from hydrogen fluoride, were distilled from sodium fluoride and 
phosphoric oxide through an efficient fractionating column. Apart from an unidentified, nitrogen- 
containing fraction, b. p. 75-77" (0-8 g.), the only plateau on the distillation curve of the material 
boiling below 100° was that due to perfuoropiperidine (2-1 g., 02%) (Found: C, 20-6; N, 41; F, 
732%, M. 283. C.NF,, requires C, 21-2; N, 50; PF, 73-86%; M, 283). Perfluoropiperidine, b. p. 
49.00", 1-279, 1-738, has a characteristic musty smell 

Flacrination of Pyridine by the Catalytic Method.—Pyridine (4 ¢. hour). diluted with nitrogen 
(8 L hour), was passed into the reaction vessel, heated to 280°. Fluorine (10 g./hour), diluted with 
nitrogen (81 /hour), was admitted simultaneously. After a total operating time of 24 hours, 101 g. of 
pyridine had been added. The product boiling below 100° was passed over sodium fluoride as described 
above, and taken into a vacuum system for examination. Kepeated fractionation afforded perfluoro- 
piperidine (0-9 g., 03%), nf 1-278 (Found: M, 282), and a fraction (1-3 g.) corresponding to perflucro- 
pentane, b. p. 20° (Found) M, 200. Calc. for M, 288). Simons (loc. crt.) reports b. p. 

Fluorimation of Aniline by Means of Cobalt Br uoride.—-Aniline (40 g.) was added to the reaction 
vessel, heated to 300°, at a rate of 6 ml. hour and nitrogen (10 |. /hour) was passed in simultaneously 
The products (53-4 ¢.) from five such experiments were combined and passed, in a slow stream of 
nitrogen, through a tube of sodium fluoride pellets heated to 120°. The condensed liquid was distilled 
through an efheient column, and two fractions were identified. (4) A compound solidified in the 
condenser (thermometer temperature 50-52"). It was taken into the vacuum system, fractionated 
further, and found to be perfluoroeyclohexane (2-2 g., 03%), subliming at 50—52° (Found: M, 298. 
Cale. for CoP,,: M, 300). In view of the well-known difhculty of purifying this compound the yield 
was undoubtedly moch higher than indicated here. (6) Perfluorocycloherylamine (1-7 g., 0-2%), b. p. 
75-76", 1-286, df 1-787 (Found: C, 21-7; N, 3-9; F, 735%; M, 332. C,NF,, requires C, 216; 
N, 42; F, 742%; M, 333) 

Flucrtination of Aniline by the Catalytic Method.—-Aniline (2 g. hour), diluted with nitrogen (61. hour), 
was allowed to react with fluorine (10 g /hour), diluted with nitrogen (6 |. hour), on the surface of the 
catalyst heated to 200 When 100 g. of aniline had been passed, the total product was treated with 
fluoride, as described earlier, and distilled. Perfluorocyclohexane (1-7 g.; M, 297) and pertluoro- 
eyelohexylamine (0-7 M, 330) were again isolated. No attempt was made to investigate the 
material which boiled below room temperature 

FPluortnation of Dimethylaniline by Means of Cobalt Trifluoride. —Dimethylaniline (50 ¢.) was added 
to the reaction vessel heated to 300° over a period of 12 hours. A nitrogen flow of 10 1. hour was used. 
The products from two such experiments, freed from hydrogen fluoride as described above, were 
separated into two portions: (a) The material boiling below 80°, which constituted the bulk of the 
product, and was taken into the vacuum system for examination. Exhaustive fractionation yielded 
pertluoroeyelohexane (1-1 g.), identified as cribed earlier, and perfluorodimethylamine, b. p 38° 
(Found: 770%, M,170. Cale. for CINF,: F,77-8%; M,171). Emeléus and Thompson (loc. cit.) 
report b. p. — 370°. The yield of pure compound was 13 g., but an appreciable quantity was lost by 
the fractionation procedure. Perfluorodimethylamine, which has a musty odour, was not absorbed by 
hydrochloric acid or hydrolysed by Sy-alkali at room temperature. (6) The material, b. p. > 80°, 
was distilled A fraction (105 ¢.), b. p. 116-—120°, wR 1-305, was possibly perfluorodimethyleyelo- 
hexylamine (Found: N, 30%, M, 428 C,NF,, requires N, 32%; 433). Insufficient material 
was available for full identification 

Fluorimation of Methylansline —The fluocrination of methylaniline (50 g.), as described for dimethyl- 
aniline, gave perfuoromethylamine, b. p 75°, amongst the volatile products (Found: N, 11-4; 
776%, M, 120. CNF, requires N, 11-6; F, 784%: 121). Ruti and Giese (/oc. cit.) report 
bop. -S0° for a fraction believed to contain CF,NF, and C,F,. A fraction which might correspond to 
perfluoromethylevclohexylamine could not be isolated from the small amount of material, b. p. > 80°, 
availiable for examination Perfluoroeycichexane was again detected 

The Fluorination of Methylamine.-.Methylamine (20 g.) passed over cobalt trifluoride at 190° gave a 
which contained perfluuromethylamine, b. p. —75°, M, 120. This compound is not decomposed 

ry 5%, sodium hydroxide or absorbed by Sn-hydrochloric acid; it has a characteristic musty odour. 


The author is indebted to Professor M. Stacey and Dr. F. Smith in whose laboratory he first 
attempted the fucrination of pyridine 
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Miscellancous Sulphones. By K. Bowne and C. H. Reace. 


Dvurine recent investigations certain sulphones were required as intermediates. As three of these were 
rwing data. 

Sulphone —4-Nitro-4’-acetamidodipheny! sulphide (63 g.) was dissolved 
in glacial acetic acid (250 c.c.) and cooled to 90". Hydrogen peroxide (05 c.c. of * 100-vol."") was added 
during 45 minutes with stirring under reflux and the mixture then boiled for a further 30 minutes. On 
cooling, the sulphone (70 g., 100%), m. p. 224°, crystallised. Raiziss ef al. (J. Amer. Chem. Soc., 1939, 
61, 2763) obtained the sulphone in 81% yield by a rather cumbersome method using potassium dichro- 
mate and sulphuric acid 

4-Diacetamidodiphenyl Sulphone.—This was similarly prepared (yield, 73%) from 4 4’-diacet- 
amidodipheny! sulphide and had m.p. 282°. Raiziss ef al. (loc. cit.) record a 63%, yield 

4 Acetamido-4 -hydrasimod: yl Sulphone.—To concentrated sulphuric acid (200 ¢.c.) at O° was 
slowly added sodium nitrite (16 g.) with stirring. The mixture was t carefully warmed to 50°, held 
at this temperature until all the sodium nitrite had dissolved, and again cooled to @. 4-Amino-4'- 
acetamidodipheny! sulphone (38 ¢.) was then added during 45 minutes and stirring continued for a 
further 15 minutes, after which acetic acid (9) ¢.c.) was added dropwise at < 10° and the mixture stirred 
for 2 hours at this temperature. The solution was poured on ice (500 g.), and excess nitrous acid 
destroyed with urea The diasoaiam solution so obtained was reduced by adding it to a solution of 
stannous chloride (150 g.) in concentrated hydrochloric acid (300 ¢.c.) cooled to 5°. The resultant 
precipitate, after being crystallised from hot water (300 c.c.), was dissolved in water (500 ¢.c.) and con- 
verted into the free Aydrazime with aqueous a The « i crystallised from alcohol as yellow 
210° (4 g., 10%) (Pound: C, 56-2; H, 50; N, 130 C,H, ,O,N,S requires C, 55-1; H, 

0. N, %) 

4 Sulphone.—4 : 4’-Di diphenyl sulph (20 g.) was dissolved in 
concentrated hydrochloric acid (40 c.c.) and water (60 c.c.) and the hot solution poured on ice (100 ¢.) 
to precipitate the hydrochloride, This mixture was cooled to @° and sodium nitrite (15 g.) in water 
(0) ¢ ¢ ) added dropwise with stirring during 30 minutes, the temperature being k below 10°. The 
solution was then stirred below 10° for | hour and excess of nitrous acid destroyed with urea. Reduction 
was effected by slowly adding the solution to stannous chloride (85 g_) in concentrated hydrochloric acid 
(17 cc.) at § The resulting precipitate was crystallised from dilute hydrochloric acid and converted 
into the free Aydrarine with aqueous ammonia. The compound crystallised from water as colourless 
needles, m 190° (slight decomp.) (8 g., 36%) (Found: C, 621; H, N, 193. 
requires C, 51-8; H, 5-1; N, 20-1%) 

The dihydrazine (5 g.) in glacial acetic acid (15 ¢.c.) and water (15 ¢.c.) was cooled to 10° and a 
solution of acetone (4 ¢.c.) in water (6 c.c.) added with stirring. After a further 30 minutes’ stirring the 
precipitated diisupropylidene derivative was filtered off, and crystallised from alcohol as bright yellow 
needles, m. p. 222° (decomp.) (Found: C, 506; H, 62; N, 1@8. C,,H.,O,N,S requires C, 603; H, 
62; N, 14-6%).—Tue University, Leeps, 2. (Received, May 5th, 


The Determination of Fluorine in Organic Compounds. By J. F. Exvtis and W. K. R. Mosonave. 


In adapting Willard and Winter's titration of fluoride by thorium nitrate (/nd. Eng. Chem. Anal., 1933, 
5, 7) to the determination of fluorine in organic compounds, Musgrave and Smith (with Tatlow, /., 1949, 
3026) achieved a reproducible end point by filtering off the bulk of the thorium fluoride before mW 
the titration. In addition, the observation by Stross (Metallergia, 1947, 36, 346) and Milton ¢f ai. 
(Analyst, 1947, 72, 43) that the introduction of starch prevents the precipitation of thorium fluoride and 
#0 eliminates the necessity for the filtration, was confirmed by one of us (W. K. R.M.). Neither Stross 
nor Milton et al. gave details, and it has been found that in the presence of the products of fusion of an 
— compound certain precautions have to be taken. The following method has now been found 
satisfactory 

To an aliquot containing not more than 10 mg. of fluoride ion, add 1 mi. of 605% aqueous sodium 
alizarinsulphonate and discharge any — colour by dropwise addition of 2x-nitric acid. Add 5 mi. 
of half-neutralised chioroacetic acid as te ler and 5 mi. of 5% starch solution (previously filtered through 


Whatman No. 3 paper). Dilute the solution to 100 mi. and titrate it with 0-05N-thorium nitrate 
solution. At the end-point the colour in the solution changes from pale yellow to pink ' 

It is essential to use freshly prepared starch solution for its efhcacy is lost after about 12 hours. 
Further, its action as a protective colloid for thorium fluoride is not indefinite in duration and this is 
precipitated if the titration is not completed quickly, preferably within one minute. 

In applying this method to solutions ¢ unin alcohol and sodiam cyanide, hydroxide, chloride, and 


sulphide, it was found that the first two have to be removed (see Table 1). The alcohol, which causes 
premature precipitation of thorium fluoride, is eliminated by evaporating the solution to one-tenth of 
its volume, adding water, and repeating the evaporation. The cyanide ion, which depresses the end- 
point slightly, is removed by precipitation from the slightly acid (HNO,) solution by adding a slight 
excess of N-silver nitrate. The excess of silver ion is removed by adding a little w-sodium chloride so as 
to prevent reaction with the buffer, and the precipitates are filtered off on a No. 40 paper after coagulation 
at 70°. Sulphide ion, if present od pve eows with the silver cyanide and chloride in a very fine state 
which passes through the filter, and the precipitate, in this case, must be removed by centrifuging and 
decantation through a No. 40 filter. 


1970 Notes. 


Taste I. 
{All solutions contained 25 mi. of 0-1035s-NaF in 5006 ml.; %-ml. aliquots were taken.) 
Vol. of Th(NO,),: 
found. 


Additional: mil. of Th(NO,),, calc 


NaOH, ... 00474 546, 546 
5-43, 5-43 546 
615,615 618 

NaCl, 618, 618 618 


618, 618 618 
6-18, 618 618 
Na,5,. lo 546, 546 546 
© When the solution used in this titration contained 40%, of alcohol, 5-25 ml. of 0-0474n-Th(NO,), 
were required (calc. : 546 mi.) and the end-point was obscure 


After removal of the interfering ions the buffer and starch solutions are added (the indicator and 
mtric acid having been added previously), and the solutions made up to 100 ml. and titrated with thorium 
nitrate As a result the titration figures are restored to the correct values. 

Application of the method to organic compounds gave the results shown in Table Il. The fusions 
were carried out upon 4-100 mg. of the compound in a nickel bomb. The fusion solution was made 
up to 100 mi. after removal of the alcohol, and an aliquot containing about 5 mg. of fluoride ion was taken. 
If onty a small quantity of the compound was available, 15-20 mg. were used and the whole of the 
fusion solution was used in une titration 

Tamte Il 

(0-O0419N-Th(NO,), was used except for the determination denoted by an asterisk, for which 0-0474N- 

Th(NO,), was used 
F, % 
Compound Wt. of sample (g.}. Vol. of Th(NO,), (ml). found calc. 
2-08, 2 

2-38, 3 ° 

01847 14, 

0 05303 47, 
C,H,OWN,F, 

06005 

C,,H,ONCIF, O-O7 702 

worse 

O-O2158 
CSH 

4-06, 4.07 20-10 


The authors thank Imperia! Chemical Industries Limited for supplying materials.— Tue University, 
Sovrn Roap, Durwam Received, March 20th, 1950) 


The Salts, Sodium Cobalt Sulphate and Sodium Magnesium Sulphate. By Henry Bassett 
and (the late) Joseen H. Hensnare 


Tue following experiments were carried out some years ago in an endeavour to throw further light on 
the conditions under which replacement of M"(H,O), by Na,(H,O), im hydrated salts appears to be 
~mible. The most striking instances of this type of replacement had been found in the systems 
Nac - CdCl, H,O and (Bassett, Henshall, Sergeant, and Shipley, 1933, 
thas 

A complete explanation of the phenomena can only be expected from an X-ray study of the double 
salts concerned, but this is not available and offers difhculties. Isomorphous replacement by cations of 
different valency associated with compensatory changes in hydration has been established in certain 
cases, notably for the alanites and jarosites (Hendricks, Amer. Min, 1937, 22, 772, Bassett and 
Coxtwin, 1949, 2253) 

Since the well-known double sulphates Na,SO, MSO, 4H,0 may contain an ion it 
veemed possitle that careful examination of such compounds might show that their composition was 
sumewhat variable owing to some replacement of the type mentioned above Much phase-rule work 
has been carried out on the compounds of this group but the information available in the literature on 
the point under discussion ts scanty and somewhat contradictory In many cases the double salts have 
only boen analysed after crystallisation from solutions containing the constituents in equimolecalar 
proportions, while in several examinations of the ternary systems Na,SO,- M°SO,-H,O the solid phases 
have been identified merely from the Appearance of the crystals Schreinemakers's method of residues 
involving analyses of the moist solid phases is essential for deciding whether any variation in composition 
al the double salt occurs over the range of solutions with which it can be in equilibrium Archibald and 
Gale (J, Amer Chem Soe, 1924, 46, 1760) made a complete examination of this nature of the system 
Na, SO¢ MgS0O,-H,0 at 40° and 3”, and their results show that the double salt (astrakanite, 
Na, SO, MgSO, 411,0) has a fixed composition 


(1950) Notes. 1971 


Benrath and Cremers (Z. anorg. Chem., 1930, 189, 86) examined the system Na,SO,-7950,-H,0 at 
80” and found a fixed composition for the double salt Na,5O,. 7050, 4H,O. Benrath’'s figures for the 
corresponding nickel system (ibid., 1931, 908, 161) suggest that the composition of the double salt 
Na,SO,, NiSO,4H,0 at 60° may be variable, while the only available data for the cobalt system 
(contained in the same paper) give two tie-lines for the system Na,SO,-CoSO,-H,0 at 60°, which are 
inconclusive and intersect at some distance from the point for Na,SO, C “050, lio 

We examined the system Na,SO,-CoSO,-H,0 at 25°, using iron- and edt free cobalt sulphate, 
with all the usual precautions Cobalt was weighed as Co,O, after precipitation with I-nitrose-2- 
naphthol, sulphate was ccutenl by the standard method as BaSO,; and the value for Na,SO, was 
obtained by calculation. The results are given im the Table. 


Solution. Monst solid. 
CoSO,, %. NaSO, %. CoSO, %. Na,SO,, %. Nature of solid. 

550 21.05 0-55 41-18 as 

9 66 20-13 O86 42.13 
12-19 20.06 531 39-95 Na,SO, 10H,O and Na,SO, CoSO, 4H,0 
19-37 3.76 38-07 10H,0 (metastable 
13-25 15-68 35-53 33-25 Na,SO,CoSO,4H,O 

708 22 34-15 

15-90 16-05 46 33.59 aa 

19-70 12-85 38-83 34.58 
22-78 10-51 39-55 3440 

0-53 43-08 22-00 4H,0 and CoSO, H,O 

25-90 4-39 52-78 
26.05 2-85 52-65 
27:33 


The lines for the double salt all run exactly to the point corresponding to Na,SO,CoSO,4H,0 

Caven and Gardener who had previously examined the cobalt system at 25° (/., 1933, 943) made no 
analysis of solid phases. Their solubility curves agree well with curs, apart from the fact that their 
Na,5O,-double-salt point and the succeeding double-salt point to ashy considerably 
supersaturated conditions. They give for the mixture pon. oSO,, 16-20; N 19 40" 

We also re-examined the double-salt region of the 25° isotherm of the Na,SO,- Mf 450, 0 system 
and fully confirmed the results of Archibald and Gale (loc. cit.) We determined eotiens by the zinc 
uranyl acetate method, as well as magnesium and sulphate, and the direct results for sodium agreed 
excellently with those calculated from the mag and sulphate determinations. 

The new evidence for Na,SO, CoSO,,4H,0, taken in conjunction with the results previously referred 
to for the corresponding magnesium and zinc salts, makes it highly probable that none of double 
salts of this series has a variable University, Reapine. [Recewed, March 20th, 
1950.) 


The Reaction of Phenols with Phenyl ont 1-Naphthyl isoCyanate. By J. M. Lyons and 
R. H. Taomson. 


Tue value of l-naphthy! isocyanate as a Aide reagent for the characterisation of phenols was first 
demonstrated by French and Wirtel (J. Amer. Chem. Soc., 1926, 48,1736). These workers prepared some 
thirty l-naphthylurethanes but they stated that polyhydric phenols, particularly catechol, resorcinol, 
quinol, and pyrogallol, did not react with I-naphthyl isocyanate. This is true only in the absence of a 
catalyst, since we find that reaction takes place readily in the presence of triethylamine (the catalyst 
which French and Wirtel recommended). The poly-1- cagithylasctbnmes have now been obtained by 
either heating the phenols with a slight excess of l-naphthy! isocyanate in boiling light petroleum (b. p. 
100120") containing a drop of triethylamine for 20 minutes, or mixing the phenol and reagent in a dry 
test-tube and stirring with a glass rod previously dipped in oa erage The latter method is less 
suitable in most cases as the mixture usually solidifies so rapidly that effective stirring is not possible, 
and there is a tendency for ssocyanates to dimerise in contact with triethylamine. A number of new 
poly-l-naphthylurethanes and bisphenylurethanes are detailed below. Many of these derivatives are 
difficult to crystallise and some show unsatisfactory melting-points; in general they are not suitable for 
the characterisation of polyhydric phenols 

The faslure of a number of monohydric phenols to form phenylurethanes is recorded in the literature. 
These include 2 : 6-diacetyl-3 5-dimethy and various 4-substituted-2 6-ditert -butylphenois 
(McKinley, Nickels, and Sidhu, Ind. Em 1944, 16, 304), 2 4-dinitrophenol, 4-chioro-2 : 6. 
dinitrophenol, and picric acid (Tarbell, Mallatt, and Wilson, J. Amer. Chem. Soc., 1942, 64, 2229). The 
failure of jugione to react with phenyl tsocyanate has been reported by one of us (/., 1950, 1737), and we 
now find that the ferthydroxyquinones, naphthazarin, |: 5- and &-dihydroxyanthraquinone behave 
in the same way. This phenomenon has been attributed ge! to the presence of negative groups, 
ot to steric hindrance, but it may be observed that all the compounds mentioned above, with the 
exception of the 2. 6-di-tert.-butylphenols, contain intra-molecular hydrogen bonds. It is well known 
that increasing acidity of the hydroxy! group, which would be promoted by the introduction of negative 
ee into the nucleus, increases the tendency to form hydrogen bonds, and this would e why 
4-dinitrophenol does not react with phenyl tsocyanate under any conditions 


* Direct determination 


1972 Notes. 


dows, with difheulty Organic Reagents for Analysis,” Hopkin and Willams Ltd., 
London, 1944, p. 76; cf. Mc Kinley ef af. (Joc. ctt.)). The reluctance of o-hydroxyazo-compounds to react 
with this reagent 1s also ascribed to nape oe formation (Hunter, Ann. Reports, 1946, 43, 146) and 
it seems likely that the inability of some p to form urethanes is due in part to their hydrogen-bond 
structure, yy ~ ster considerations are obviously important in certain cases. However in such 
compounds as salicylaidehyde and methyl salicylate, the hydrogen bonds are not strong enough to 
the normal reactivity of the hydroxy! group, and these compounds form nylurethanes. 

-Naphthylurcthanes — Catechol, needles (from ethyl acetate), m Pp 174175" (this compound melts 
and resclidifies immediately, finally decomposing at ca. 205°) (Found: C, 753; H, 45; N, 65 
CygH ON, requires C, 75-0; 45, N. 625%). Resorcinol, needles, m. p. 206° (from aqueous dioxan) 
(Found: C,750; H, 45; N, 605%). Qwinol, micro-crystals, m. p. 247°, hen anisole (Found: C, 75-1; 
H. 47; N,60%). Pyrogailol, micro-crystals (from glacial acetic acid), m 181° (melts and resolidifies 
immediately, finally decomposing at ca. 270°) (Fou C, 740; H, 445; N.6@3. C,y,H,,O,N, requires 
Cc, 730; H, 43; N, 6%). leaflets, m 220° (from aqueous dioxan) 
(Pound C, 77-3; H, 47, N, 63. requires C, 77-1; H, 4-45; N, 5-6%) 


naphthalene, needles, m. p. 240°, from aqueous dioxan (Found: C, 77-3; H, 46; N, 
hydrowynaphthalene, micto-crystals, m H, 46; N, 
58%) p. 220°, from aqueous acetic acid (Found: C, 77-1; H, 


N, & 8%) 

Phenylurcthanes 5-Dihydrosynaphthalenc, jeaflets (from glacial acetic acid), m. p. 225° (heated 
rapilly; when heated slowly it decomposes over a wide range) (Found: C, 72-5; H, 48; N, 68. 
CyH gO N, requires C, 72:35; H, 455; N, 70%) |: micro-crystals, m. p. 
ie, from ethanol (Found C, 72-05; H, 48; N, 69%). 1: micro-needles 
(from glacial acetic acid), 229° (heated rapidly; decomposes gradually when heated slowly) 
(Pound; C, 72-4; H, 43; N, 68%) 

1 (1: 3-diazacyclobuta-2 4-dione).—-One drop of 
triethylamine was added to I-naphthy! tsocyanate (0-5 c.) and the mixture set aside in a stoppered tube. 
A few crystals rapidly appeared but three or four days elapsed before the whole mass solidi Crystal- 
lisation from aitrobenzere and then from a large volume of boiling glacial acetic acid yielded colourless 
micro-needies, m. p. 295° (decomp. and sublimed) (Found : N, 83%. Cale. for N, 
This corresponds to the compound obtained by Raiford and Freyermuth (J. Org m., Toda, 8, 234) by 
the dimerisation of l-naphthyl tsocyanate in the presence of triethylphosphine, 


Analyses are by Miss M. A. B. Davie. One of us (J. M. L.) thanks the Carnegie Trust for the 
Universities of Scotland for a scholarship —-Cuemistay DerarTMent, Mariscnat COLLEGE, ABERDEEN. 
(Received, April 6th, 1900.) 


Pregn-b-ene-38 WB-dia. By W. Kiywe and E. Miter. 


Wistano and Miescnen (Helv. Chim. Acta, 1949, 32, 1922) described the preparation of pregn-5-ene- 
38: 20f-diol by degradation of 3f-acetoxy-20-1senorchol-5-en-22-one with perbenzoic acid. We had 
reviously prepared this diol by reduction of pregn-5-en-38-ol-20-one with lithium alummium hydride 
tt and Murray (Amer. Chem. Soc. 113th Meeting, Abstracts, 1948, p. 17K) stated that they had reduced 
pregnenolone with this reagent, but gave no details. The reduction of other steroid ketones by lithium 
aluminium hydride has recently been described by Shoppee and Summers (/., 1950, 687. previous 
references there). 

We have shown that our pregnenediol and its diacetate are identical with the compounds described 
by Wieland and Miescher, to whom we are most grateful for samples. The constitution of our diol was 
checked by its conversion into allopregnane-38 » 208-diol on catalytic hydrogenation. 

208-Hydroxy-steroids have usually been made from C.-ketones in the past by catalytic hydrogen- 
ation (see, ¢g., Marker, Kamm, Jones, and Oakwood, /. Amer. Chem. Soc., 1937, 68, 614). Since this 
method is not suitable for the preparation of unsaturated 208-hydroxy-compounds, lithium aluminium 
hydride may be useful as a general reagent for making such compou 

Eaperimental.(All m. p.s are corrected. Micro-analyses are by Drs. Weiler and Strauss, Oxford. 
All rotations were determined at 20- 25° for the sodium pb line in hlesciorn, by using a 0-5-dm. micro- 
tube. Samples for the determination of rotations were dried for 2 hours at 80° in high vacuum. Light 
petroleum is the fraction, b. p. 40-60" ) 

Progn-f-ene-38 208-diol, Pregn-5-en-38-ol-20-one (240 mg., 0-76 millimol.; m. p. 185—187°) was 
dissolved in dry benzene (10 ¢.c.) to which dry ether (30 c.c.) was added. This solution was added 
dropwise to a solution in ether (15¢.c.) of lithium aluminium hydride (202 mg., 5-32 millimols ), and the 
mixture was refluxed gently for 30 minutes. The solution was cooled and a mixture of ether (10 c.c.) 
and acetone (2¢.¢.) was added to decompose the excess of lithium aluminium hydride. More ether (50c.c.) 
was added and the mixture was shaken with 2n-sulphuric acid (30 c.c.) to dissolve aluminium hydroxide. 
The aqueous solution was extracted with ether (50 c.c.), and the combined ethereal extracts were w 
successively with 2n-sulphuric acid (10 c.c.), water (30 c.c.), 2n-sodium carbonate solution (10 c.c.), and 
water (3 x 10 ¢.c.), dried (Na,5O,), and evaporated to dryness. The product (229 mg.) crystallised 
from acetone (7 c.c.) in rosettes of needles, m. p. 196—190° (124mg). Concentration of the mother-liquors 
afforded 40 mg. of similar material (total yield, 68%). This material on crystallisation from ight 
petroleum-ethy! acetate gave silky needles, m. p. 201-5---203-5", which contained one molecule of acetone 
of crystallisation (Found. C, 761; H, 10-7. Cale. for C,,H,O,C,H,O: C, 76-5; H, 10-7. Cale. for 
Cy, ©, 702; H, 10-86%). Crystallisation from methanol gave thick needles, m. p. 199-—200", 
whic h apparently contained half a molecule of methanol of crystallisation; mixed m. p. (with sample 
su ied by Wieland and Miescher) 200-202" —65-3° 4. 1-7° (c, 0-77), ([alp —68-5°, calculated for 
eubutanse without methanol of crystallisation); AJ\p —218° (Found: C, 77-3; H, 10-7. Cale. for 
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C, 77-2, H, 108%). Wieland and Miescher (Joc. cit.) give m. p. 200-5-—201-5"; 
le +* The tetranitromethane test for unsaturation was positive, the Zimmermann keto- 
steroid reaction was negative 


Wieland and Miescher obtained the diol without solvent of crystallisation by sublimation at 150° in 

high vacuum. We were unable to repeat this; two sublimed at 160° and S x 10°* mm re 
ve analytical figures for carbon about 1% lower than calculated for the unsaturated diol ¥ 
77-9, 782; H, 106,104. Cale. for C O,: C, H, 10-8%) 

Pregu-b-ene-BB - 208-diol diacetate. The was acetylated by heating it with acetic 
anhydride at 100° for 2 hours. The product was chromatograp on alumina (B. D. H.) and after 
three crystallisations from methanol containing 20% of water formed needles, m. p. 130-131", sp 
—36-6 + — 147° (Found, 160°'5 « 10°*mm.: C, 74-1; H, 

C, 746, H, sample by Wieland and 

of pregn-S-ene-38 208-diol. The pregnenedio! (36 mg.) was in the 
presence of Adams's platinum oxide catalyst (20 mg.) in glacial acetic acid (20 c.c.). The product, 
allopregnane-3f 208-diol, crystallised from io petroleum-ethy! acetate in rosettes of leaflets, m. p 
194-5—195-5". + 44° + 140° (c, 1404); +14° (Marker, Kamm, Jones, and Oakwood, Joc. cit, 
give m. p. 195—196"). Authentic ellopregnane-38 : 208-diol, prepared by hydrolysis of the 3-acetate 
(Klyne and Barton, Amer. Chem. Soc., 1949, 71, 1500), had m 194-195", “alp +2-0° + 0-9" (¢, 1-02) : 
(Af\ip +9. Mixed m. p. with the produc t of hydrogenation 195-— 196° 

The alopregnanedio! obtained by hydrogenation was acetylated by heating it with acetic anhydride 
The diacetate after crystallisation from light petroleum-ethy! acetate formed long needles, m 2 141 
142-5", mixed m. p. 140-—142° with authentic material (m. p. 140-5142", Kiyne and Barton, Joc. cit.). 


We are indebted to the Agricultaral Research Council for a personal grant to one of us (E. M. nek <b ont 
for expenses. We are also grateful to N. V. Organon, Oss, Netherlands, for a gift of i‘. -\m 
1950.) 


PostorapuatT® Mepicat Scroot, Ducane Roap, Lonpon, W.12. (Received, April 
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